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Description 
TECHNICAL RELD 



I ^ fT^l V^^ application relates to absorbent members for body fluids such as urine and rDenses having good wet 

^ S^n^Jn!^^^^^^^^^ ^-^-^ °- -^'^ With a relative.; h%h con- 



centration of hydrogeMorming absortjem polymer. 
BACKGROUND OF THE INVENTION 



IS 



so 



ss 
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■ S =.nH 7^ . ""^^ ^ disposable diapers, adult incontinence pads and 

bnefs and catemen.a products such as sanita^r napkins, are the subject of substantial commercial interest A highly 

clothing, and are less noticeable. They are also more compact In the package, making the diapers easier for the 

andTr^H ^^"^ ^ H "T' "^^^ P^^mg also results in reduced distribution costs lorthe manufacturer 
and distributor, including less shelf space required In the store per diaper unit 

[^!'«!ih,Th n ok"^^ T''"^ ^^""^ absorbent articles such as diapers has been contingent on the ability to develop 
reiatnrev thin absort,ent cores or structures that can acquire and store large quantities of discharged body fluids in 
parttailar urjneJnthisregard.theuse of certain absorbentpolyme,^ often re^ 

or-hydrocolioid" material has been particularly important. See, for example. U.S. Patent 3^99,103 (H^er era!) 

^"l^'t ^"-^ ''""^ 20, 1972, that disclose the usTof IS 

absc^nt polymers thereafter "hydrogel-forming absorbent polymers") in absorbent articles. Indeed, the development 
th^rrn ^ "'^ ""'^ consequence of thinner absorbent cores that take advantage of the abnity of 

these hydrogel-fomiing absorbent polymers to absorb large quantities of discharged body fluids, typically when Zea 
in combination with a fibrous matrix. See, for example. U.S. Patent 4,673,402 (Weisman et al) issued June 16 1^ 
.nd U.S. Patent 4.936,022 (Lash et al), Issued June 19, 1990, that disclise d^«Ha^r c^^ «^^s "^^^^^^^ 

^ I "'^ °' •^V'^^°3«l-'°""*ng absoriem polymer*, it was general practice to fo^ absorbem 

of fluid absorbed by wood pulp fluff on a gram of fluid absorbed p^ 

nf T ""f !^ ' "''^ P"'" "«^««««"a the use of relatively bulky, thick absorbent stmctureT 

1^1 J«L °J^«^,»'y«^^°p«'-'°""'"3 «t«°*ent polymers into such structures has allowed the use of less wood 

pulp t'uff. These IvdrogeMomiing absorbent polymers are superiorto fluff in their ability to absorb large volumes of 
^ fe'^r ' '"^^'"9 sma.ler!Thinner absorbTnt stu" ur^ 

LSlr ll*„^tJ!«?h^"r'"?^^''*'r''°'^^'^ *^ '""'^"y P°'ymerizing unsaturated carboxylic 

b!^S^'„ th^ acrylates, and the like. These polymers are rendered water-insoluble, yet water-swellabie. by slightly 
cross-Iintong hecarboxyl group-containing polymerchains with conventional di- orpoly-funcdonal monome materiate 
so*em oo.ler^'^r''"""^'""?' ^'^^"^ '"^^-^'^'^ °^ triaiiy, amine. These slightly c^«d^: • 

ms Tes^^rrn r""^"'^ ^ °' ^"""^ 9™"P^ to the PoW backbone. 

fol^Tng hydros ' '""^'"^^ '° "^'^ ""''^ ^ '""^^ 

[0008] The degr-ee of cross-linking determines not only the water-insolubility of these hydrogel-forming absorbent 
Sti'and";':, t::Ti:^lT' r ^l^r ^ characten^ o, these'pol^S 

fn^!^n «m„^r ''^P^'^V ^ measure of the amount of water or body fluid that 

a given amount of hydrogel-fomiing polymer will absorb. Gel strength relates to the tendency of the hydrogel fonned 
from these polymers to defom, or f tow" under an applied stress. Hyd,ogel-fom,ing polyme2^usefu!as aSen^ ij 
absorben structures and articles such as disposable diapers need to have adequately high gel volume as we^as 
«> adeq"ateyhighgelstr«ngth.Gelvolumeneed8tobesufficientVhightoenablethehydrogelfor^ingp^ 

be sudi that the hydrogel formed does not deform and fill to an unacceptable degree the capillary void soaoes in the 
dislnbuhon throughout the stmcture/aiticle. See, for example, U.S. Patent 4,654,039 (Brandt et ;i) issued March 31 
30 1989""''^" '''' ""^^"^ P«t-t 32.649) and U.S. Patent 4,834,735 (Aiem^y eTi ferued Mi 

Jth°' ft^ctures have generally comprised relath^ely low amounts (e.g.. less than about 50 % by 

weight) Of these hydrogel-fom,.ng absorbem polymers. See. forexample. U.S. Patem4.834>35 (Alemany et aQ %su2 
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May 30, 1 989 (preferably from about 9 to about 50% hydrogel-forming absorbent polymer in the fibrous matrix). There 
are several reasons for this. The hydrogei-fomilng absorbent polymers employed In prior absoibent structures have 
generally not had an absorption nate that would allow them to quickly absorb body fluids, especially in "gush" situations. 
^ This has necessitated the inclusion of fibers, typically wood pulp fibers, to serve as temporary reservoirs to hold the 
5 • discharged fluids until absorbed by the hydrogel-fonming absorbent polymer. 

' [0008] IVIore importantly, many of the known hydrogei-forming absorbent polymers exhibited gel biocidng. *Gel blpdc- 
ing" occurs when particles of the hydrogel-forming absorbent polymer are wetted and the particles swell so as to'inhibit 
fluid transmission to other regions of the absorbent structure. Wetting of these other regions of the absorbent member 
therefore takes place via a very slow diffusion process. In practical terms, this means acquisition of fluids by the ab- 

10 sorbent structure is much slower than the rate at which fluids are discharged, especially in gush situations. Leakage 
from the absorbent article can take place well before the particies of hydrogel-forming absorbent polymer in the ab- 
sorbent member are fully saturated or before the fluid can diffuse or wick past the "blocking" particles into the rest of 
the absorbent member. Gel blocking can be a particularly acute problem if the particles of hydrogel-fomning absorbent 
polymer do not have adequate gel strength and deform or spread under stress once the particles swell with absort>ed 

IS. fruid. See U.S. Patent 4,634.735 (Alemany et al), issued f^ay 30, 1989. 

[0009] This gel blocking phenomena has typically necessitated the use of a fibrous matrix in which are dispersed 
the particles of hydrogel-forming absorbent polymer. This fibrous matrix keeps the particies of hydrogel-forming ab- 
sorbent polymer separated from one another. This fibrous matrix also provides a capillary structure that allows fluid to 
reach the hydrogel-fomning absorbent polymer located in regions remote from the initial fluid discharge point. See U. 

20 s. Patent 4,834,735 (Alemany et al), issued May 30, 1989. ISowever, dispersing the hydrogel-forming absorbent pol- 
ymer in a fibrous matrix at relatively low concentrations in order to minimize or avoid gel blocking can lower the overall 
fluid storage capacity of thinner absorbent structures. Using lower concentrations of these hydrogel-fonming absorbent 
polymers limits somewhat the real advantage of these materials, namely their ability to absorb and retain large quantities 
of body fluids per given volume. 

^5 [0010] Besides increasing gel strength, other physical and chemical characteristics of these hydrogel-forming ab- 
sorbent polymers have been manipulated to decrease gel blocking. One characteristic is the particle size, and especially 
the particle size distribution, of the hydrogel-forming absorbent polymer used in the fibrous matrix. For example, par- 
ticles of hydrogel-forming absorbent polymer having a particle size distribution such that the particles have a mass 
median particle size greater than or equal to about 400 microns have been mixed with hydrophiite fibrous materials to 

30 minimize gel blocking and to help maintain an open capillary structure within the absorbent structure so as to enhance 
planar transport of fluids away from the area of initial discharge to the rest of the absorbent structure. In addition, the 
particle size distribution of the hydrogel-forming absorbent polymer can t>e controlled to improve absorbent capacity 
and efficiency of the particles employed in the absorbent structure. See U.S. Patent 5,047,023 (Berg), issued Septem- 
ber 10, 1991. l-iowever, even adjusting the particle size distribution does not, by Itself, lead to absorbent structures 

35 that can have relatively high concentrations of these hydrogel-forming absorbent polymers. See U.S. Patent 5.047,023; 
supra (optimum fber to particle ratio on cost/performance basis is from about 75:25 to about 90:10). 
[0011] Another characteristic of these hydrogel-forming absorbent polymers that has be looked at is the level of 
extractables present in the polymer itself. See U.S. Patent 4,654,039 (Brandt et al), issued March 31 , 1 987 (reissued 
April 19, 1988 as U.S. Reissue Patent 32,649). Many of these hydrogel-forming absorbent polymers contain significant 
levels of extractable polymer material. This extractable polymer material can be leached out from the resultant hydrogel 
by body fluids (e.g., urine) during the time period such body fluids remain in contact with the hydrogel-forming absorbent 
polymer. It is believed such polymer materia! extracted by body fluid in this manner can alter both the chemical and 
physical characteristics of the body fluid to4he extent that the fluid is more slowly absorbed and more poorly held by 
the hydrogel in the absorbent article. 

[0012] Another characteristic that has been looked at to minimize gel blocking is to improve the capillary capability 
. of these hydrogel-fomning absorbent polymers. In particular, It has been suggested that particles of these hydrogel- 
forming absorbent polymers be formed into Interparticie crosslinked aggregate macrostructures, typtoally In the fonn 
of sheets or strips. See U.S Patent 5,102,597 (Roe et al). issued April 7. 1992; U.S. Patent 5,124,168 (Roe et al), 
issued June 23, 1 992; and U.S. Patent5.149, 344 (Lahrman et al), Issued September 22, 1 992. Because the particulate 

so nature of the absorbent polymer is retained, these macrostructures provide pores between adjacent particies that are 
Interconnected such that the macrostructure is fluid penmeable (i.e., has capillary transport channels). Due to the in- 
terparticie crosslink bonds formed between the partrcles, the resultant macrostructures also have improved structural 
integrity, increased fluid acquisition and distribution rates, and minimal gel blocking characteristics. 
[0013] Yet another characteristic the art has known for some time as a measure of gel blocking is the Demand 

ss Wettability or Gravimetric Absorbence of these hydrogel-forming absorbent polymers. See, for example, U.S. Patent . 
5,147,343 (Kellenberger), issued September 15. 1992 and U.S. Patent 5,149,335 (Kellenberger et al), issued Septem- 
ber 22, 1 992 where these hydrogel-forming absorbent polymers are referred to as "superab sorbent materials" and 
where Demand Wenablfity/Gravimetric Absorbence is referred to as Absorbency Under Load (AUL). "AUL" is defined 
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of 21 .000 dyneston^ (about 0.3 psi). The AUL value f^^^^.'^;;^';^ ^ dosirile AUL prop- 

n,inutes (see U.S. Patent 5.U9. 33^. "'y^'^^'^fZ^f^l^i l^^^^^ ' 
erties if they absorb at least about 24 ml78 (p.« erably t^e saline solution after 5 minutes. 

U.S.Patent6.U7,343)or at least about1Sa/9(pr^e^lya^^^^^^^ 

[0014] U.S. Patent 5,147. 343 says (see Col. S. lines '^^^'^'f^^^^ Auid and retain such fluid 

Lorbentcornpositesmadethore««hhavefavorablyex^^^^ 

against an applied pressure, the benefrts of this ^^^^^^^^ l^ateo have the ability to initially imbibe fluid . 
exhibit an improved perfomiance in use the ^P^'^'>^^J^['"^£l''Z\i^^r^Zrtent by tt,e body of a 
and swell while being subjected to a load. In use su* J^^^^^'^'"^^^^^^ e g during leg movement, while 
person Who is srtting or lying on the composite and/orby|^n^«to^^^^^^^ 

Laringagam^ent— gth-^^^^^^^ 

materials" having these minimum AUL values at °» the composites of the present invention are 

s?x£,^«n-.-. -rrrsiS'3T;„:;7rj^ ^ 

[0016] AUL as defirwd in U.S. Patents p;^,'*^'^''^.^""^!;^ j^',^^^^^ However AUL is inadequate for determining 
orniing absorbent polymers will avoid gel blocking necessary scihatthe concentration 

whbhhydrogel-forming absorbent polymers willprovi^^^^^^^^^ 

of these polymere In absorbent structures can ^V^^^'^^^^^^^*^""'^^^^^^^^ ,oLd when these absorbent 

distribute body fluids. ^niwm^^rs disclosed In U.S. Patents 5,147;343 and 

[0016] '"<^-d, certain oMhe hydr^e^^^^^^^^^^ 

5,149,335 as having satisfactory AUL values will n«/e necessary that the hydrogel layer 

concentrations in absorbent members n order to ^^^.^^^'^^I'^^"^^^^^^ gefblocking does not occur 

,om,ed have at least minimal penrieab rty such ^^^^^S^S^^^i^S ^ "^^'^ '^^ "^^'^^'^ 

rprirr,ru=s^^^^^^^ 

Lir ialine Flow Conductivity (SFC) values. SFC '"^^Xdroaef »g aS*ert^o^^^^^^ transport body fluids, 
the ability of the hydrogel layer formed from J^pulp fibers. Typically, an 

A good example of a material having ^^'f ^^"y/^^'^'^f "L^!"! ' rbft ar^VFC value of about 200 x10-^ cm^sec/S. 
alr-lald web of pulp fibers (e.g. having a densi^ "'^l^^tSc L^^^^^^ by Nippon Shokubal Co., LTD) 

By contrast, typical hydrogel-forming absorbent polymere such as Aqual'c L ^ma Accordingly, It would 

5^d Nalco-1180 (made by Naico Chemica, CoO exhibit v^^^^^^^ cSy tproach an aWaid web 
be highly desirable to be able to use •'V'drogeMorTn.ng al^sorben^^^^^^ hydrogel-fomiing 

ireCr«i"arb?eS.^r^^^^^^^ 

4u»ant hydroge, to acquire body fluids under -^^ "^9^ 1 47 343 and 5,1 49.335 b that 

[0018] AnotherproblemwlthuslngAULvalu^rneasureda«o^dmgtoU.S^P^^^^^^^^^ 

they do notreflect all Of the potemlal pressures that^be^^^^^ 

structure. As noted above, AUL "^^^"i^^rS r^lLT^^^^^^^ of localized mechanical pressures 

higher confining pressure of about 07 ps. more «f ^ f '^^^^^^^^^^^ torsional motions) on an absorbent 

(e.g., sitting, sleeping, squatting, taping, elastics, eg Additionally many of the absoibent 

itrScture. See U.S. Patent 5.147.346 (Young et ^iJ',;^^^^^^^^^^^^ such as an ac- 

structures that comprise these hydrogeI-fom,ing ^^7„^=^e V S ^p^ (Weisman et 

,.s.on '^V-that rece-.^^^^^^^^^ ,ayer can 

al). issued June 16, 19B7 and U.S. Patent ^-^'"^ ^' relatively high capillary suction. See. lor ex- 
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sures that could affect fluid acquisition by these hydrogeMorming absorbent potymers, it is more realistic to measure 
demand absorbency performance under a higher pressure , i.e., about 0.7 psi. This would take into better account not 
only the localized mechanical pressures exerted during use, but also the additional capillary pressures resulting from 
other components (e.g., acquisition layer) present in the absorbent structure. 

5 [001 9] Another factor that has to be considered in order to take f utt advantage of the permeability/Row conductivity 
of the hydrogel layer fomied from these absorbent polyrners is the wet integrity of the region or regions in the absorbent 
member that comprise these praiymers. For hydrogel-fonming absorbent polymers having relatively high SFC values, 
it is extremely important that the region(s) in which polymers are present have good wet integrity. By "good wet integrity" 
is meant that the region or regions in the absorbent member having the high concentration of hydrogel -forming ab- 

10 sorbent polymer have sufficient integrity in a dry, partially wet, and/or wetted state such that the physical continuity 
(and thus the capability of acquiring and transporting fluid through contiguous interstitial voids/capillaries) of the hy- 
drogel formed upon swelling in the presence of body fluids is not substantially disrupted or altered, even when subjected 
to normal use conditions. During nomnal use. absorbent cores in absorbent articles are typically subjected to tensional 
and torsional forces of varying Intensity and direction. These tensional and torsional forces Include bunching in the 

IS crotch area, stretching and twisting forces as the person weeuing the absorbent article walks, squats, bends, and the 
like. If wet* integrity Is Inadequate, these tensional and torsional forces can potentially cause a substantial alteration 
and/or disruption in the physical continuity of the hydrogel such that Its capability of transporting fluids through the 
contiguous voids end capillaries is degraded, e.g., the hydrogel layer can be partially separated, fully separated, have 
gaps Introduced, have areas that are significantly thinned, and/or broken up into a plurality of significantly smaller 

•20 segments. Such alteration could minimize or completely negate any advantageous penmeabillty/flow conductivity prop- 
erties of the hydrogel-forming absorbent polymer. 

[0020] Accordingly, it would be desirable to be able to provide an absorbent member comprising: (1) a region or 
regions having a relatively high concentratiori of hydrogel-fonDing absorbent polymer; (2) with permeabiitty/flow con- 
ductivity properties more like an air-laid fibrous web; (3) that can readily acquire fluids from even high capillary suction 
•25 acquisition layers under typical usage pressures; (4) in a matrix that provides sufficient wet integrity such that its ca- 
pability for acquiring and transporting fluids is not substantially reduced or minimized, even when subjected to normal 
use forces. ] . 

DISCLOSURE OF THE INVENTION 

30 

[0021] The present invention relates to absorbent members useful in the containment of body fluids such as urine. 
These absorbent mennbers comprise at least one region having hydrogel-forming absorbent polymer in a concentration 
of from about 60 to 1 00% by weight and providinjg a gel-continuous fluid transportation zone when in a swollen state. 
This hydrogel-forming absori:>ent polymer has: 

35. 

(a) a Saline Flow Conductivity (SFC) value of at least about 30 x 10*7 cm^sec/g; 

(b) a Periormance under Pressure (PUP) capacity value of at least about 23 g/g under a confining pressure of 0.7 
psi (5 kPa); 

(c) a basis weight of at least about 1 0 gsm. 

40 

In addition, the region where this hydrogel-forming absorbent polymer is present has, even when subjected to nonnal • 
usie conditions, sufficient wet integrity such that the gel-continuous zone substantially maintains Its ability to acquire 
and transport body fluids through the gel-continuous zone. 

45 BRIEF PESCRIPTiON OF THE DRAWINGS 

[0022] Figure 1 Is a cross-sectional view of an absorbent arttele showing an absorbent core according to the present 
invention. 

[0023] Figure 2 Is a cross-sectional view of an absDrt>ent article showing another absorbent core according to the 
so present Invention. 

[0024] Figure 3 is a cross-sectional view of an absorbent article showing another absorbent core according to the 

present invention. 

[0025] Figure 4 is a cross-sectional view of an absorbent article showing another absorbent core according to the 
present invention. 

S5 [0026] Figure 5 is a cross-sectional view of an absorbent article showing an alternative absorbent core to that shown 
in Figure 4. 

[0027] Rgure 6 is a cross-sectional view of an absorbent article showing another alternative absorbent core to that 
shown in Figures 4 and 5. 
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[0028] Figure 7 represents a schematic view of an apparatus for measuring the Saline Flow Conductivity (SFC) value 
of the hydrogel-forming absorbent polymers. s « t 

r00291 Figure B represents an enlarged sectional view of the piston/cy Under assembly shown In Figure 7 • 
[0030] Figure 9 represents a plan view of the bottom of the piston head from the piston/cylinder assembly shown in 

[0031^] ^ Figure 1 0 represents a schematic view of an apparatus for measuring the Performance Under Pressure (PUP) 
capacity of the hydrogeKorming absorbent polymers. -t n ' 

[0032] Rgure 11 represents an enlarged sectional view of the piston/cylinder assembly shown in Figure 1 0. 

DETAILED DESCRIPTION OF THE INVENTION 

A. Definitions 

r00331 As used herein, the temn -body fluids- Includes urine, menses and vaginal discharges. ^ 
[0034 As used herein, the term "Z-dimension- refers to the dimension orthogonal to the length and vwdth of the 
member core or article. The Z-dimension usually con^ponds to the thiclcness of the member, core or article. 
[0035] ' As used herein, the term "X-Y dimension" refers to the plane orthogonal to the thickness of the member, core 
or article The X-Y dimension usually corresponds to the length and width of the member, core or article. 
[0036] As used herein, the term "absorbent core" refers to the component of the absortDent article that Is primary 
responsible for fiuid handling properties of the article, Including acquiring, transporting, distributing and storing body 
fluids As such, the absorbent core typically does not include the topsheet or backsheet of the absorbent article. 
[0037] As used herein, the term "absorbent member" refers to the components of the absorbent core that typically 
provide one or more fluid handling properties, e.g.. fiuid acquisition, fluid distribution, fluid transportation, fluid storage, 
etc. The absorbent member can comprise the entire absorbent core or only a portion of the absorbent core. I.e.. the 
absorbent core can comprise one or more absorbent members. . 
[00381 As used herein, the terms -region(s)" or "zoneCs)" refer to portions or sections of the absortDent member. 
r00391 As use herein, the term "layer- refers to an absorbent member whose primary dimension is X-Y, i.e.. along 
its length and width. It should be understood that the term layer is not necessarily limited to single layers or sheets o 
material. Thus the layer can comprise laminates or combinations of several sheets or webs of the requisite type of 
materials Accordingly, the temi "layei* includes the temis "layers" and "layered." 

rO0401 For purposes of this invention, it should also be underetood that the term "upper- refers to absortDent members, 
such as layers, that are nearest to the wearer of the absort)ent article, and typically face the topsheet of an absorbent 
article: conversely, the term "lower- refers to absortjent members that are furthermost away from the wearer of the 
absortjent article and typically face the backsheet. 

[0041] As used herein, the term "comprising" means various components, members, steps and the like can be con- 
jointly employed according to the present invention. Accordingly, the term "conprising" encompasses the more restric- 
tive terms "consisting essentially of and "consisting of ." these latter, more restrictive terms having their standard mean- 
ing as understood in the art. ^ . 
[0042] AH percentages, ratios and proportions used herein are by weight unless othenwise specified. 

B. Material and Components of the Absorbent Member 

1 . Hvdrogel Forming Absortjent Polymers . 

a. Chemical Composition 

[0043] The hydrogel-forming absortaent polymers useful in the present invention include a variety of water-insoluble. 
but water-swellable polymers capable of absort)ing large quantities of fluids. Such polymers materials are also com- 
monly referred to as "hydrocolloids", or -superabsort>enr materials and can include polysacchandes such as car-- 
boxymethyi starch, carboxymethyl cellulose, and hydroxypropyl cellulose; nonionic types such as polyvinyl alcohol 
and polyvinyl ethers; cationic types such as polyvinyl pyridine, polyvinyl morpholinione. and N.N-dlmethylaminoethyl 
or N N-dlethylaminopropyl acryiates and methacrylates, and the respective quaternary salts thereof. Typteally, hydro- 
gel-fonning absortDent polymers useful in the present invention have a multiplicity of anionic, functional groups, such 
as sulfonic acid, and more typically cart)oxy. groups. Examples of polymers suitable for use herein include those wliich- 
are prepared from polymerizable, unsaturated, acid-containing monomers. Thus, such monomers include the olefinl- 
cally unsaturated acids and anhydrides that contain at least one cartDon to cartjon oleflnic double bond. More specm- 
cally. these monomers can be selected from oleftnically unsaturated cartsoxylic acids and acid anhydndes. olefinically 
unsaturated sulfonic acids, and mixtures thereof. 
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[0044] Some non-acid monomers can also be included, usually in minor amounts, in preparing the hydrogel-fomning 
absorbent polymers herein. Such non-acid monomers can include, for example, the water-soluble or waler-dispersible 
esters of the acid-containing monomers, as well as monomers that contain no carboxylic or sulfonic acid groups at all. 
Optional non-add monomers can thus include monomers containing the following types of fun^lonai groups: carboxylic 

5 acid or sulfonic acid esters, hydroxyl groups, amide-groups, amino groups, nitrite groups, quatemary ammonium salt 
groups, aryl groups (e.g., phenyl groups, such as those derived from styrene monomer). These non-acid monomers 
are well-lcnown materials and are described in greater detail, for example, in U.S. Patent 4,076.663 (Masuda et al). 
issued February 28, 1978, and in U.S. Patent 4,062,817 (Westerman), issued December 13, 1977. 
[0045] Olefinicaily unsaturated carboxylic acid and carboxylic acid anhydride monomers include the acrylic acids 

to typified by acrylic acid itself, methacrylic acid, ethacrylic acid, a-chloroacrylic acid, a-cyanoacrylic acid, p-methylacrylic 
acid (crotonlc acid), a-phenylacrylic acid, p-acryloxypropionic acid, sorbic acid, a-chlorosorbic acid, angelic add, cin- 
namic acid, p-chlorocinnamic acid, p-sterylacrylic acid, itaconic acid, crtroconic acid, mesaconic acid, glutacontc acid, 
aconitic acid, maleic acid, fumaric acid, tricarboxyethylene and maleic acid anhydride. 

[0046] Olefinicaily unsaturated sulfonic acid mononiers include aliphatic or aromatic vinyl sulfonic acids such as 

IS vinylsulf onic add, allyl sulfonic acid, vinyl toluene sulfonic acid and styrene sulfonic acid; acrylic and methacrylic sulfonic . 
acid such as sulfoethyl acrylate. sulfoethyl methecrylate, sutfopropyl acryiate, sulfopropyl methacrylete, 2-hydroxy- 
3-methacryloxypropyl sulfonic add and 2-acrylamide-2-methylpropane sulfonic add. 
- [0047] Preferred hydrogel-formlng absorbent polymers for use In the present invention contain carboxy groups. 
These polymers Include hydrolyzed starch-acrylonitdle graft copolymers, partially neutralized hydrolyzed starch-acry- 

20 lonltrile graft copolymers, starch-acrylic add graft copolymers, partially neutralized starch-acrylic acid graft copolymers, 
saponified vinyl acetate-acrylic ester copolymers, hydrolyzed acrylonitrile oracrylamide copolymers, slightly network 
crosslinl<ed polymers of any of the foregoing copolymers, partially neutralized polyacrylic acid, and slightly network 
crosslinked polymers of partially neutraiized polyacrylic acid. These polymers can be used either solely or in the forni 
of a mixture of two or more different polymers. Examples of these polymer materials are disclosed in U.S. Patent 

25 3,661 ,875. U.S. Patent 4.076,663, U.S. Patent 4,093,776. U.S. Patent 4,666,983. and U.S. Patent 4,734,478. 

[0048] Most preferred polymer materials for use in making the hydrogel-fonning absorbent polymers are slightly 
network crosslinked polymers of partially neutralized polyagylic acids and starch derivatives thereof. Most preferably, 
the hydrogel-fomning absorbent polymers comprise from about 50 to about 95%, preferably about 75%, neutralized, 
slightly networli crosslinked, polyacryfic acid (i.e. poly (sodium acrylate/acrylic add)). Network crosslinking renders the 

30 polymer substantially water-insoluble and, in part, determines the absorptive capacity and extractable polymer content 
charaderistk:s of the hydrogeMorming absorbent polymers. Processes for network crosslinking these polymers and 
typical network crosslinking agents are described in greater detail in U.S. Patent 4,076,663. 

[0049] While the hydrogel-fomiing absorbent polymer is preferably of one type (i.e., homogeneous), mixtures of 
polymers can also be used in the present invention. For exannple, mixtures of starch-acrylic add graft copolymers and 

55 slightly network crosslinked polymers of partially neutralized polyacrylic acid can be used in the present invention. 
[0050] The hydrogel-forming absorbent polymers useful in the present Invention can have a size, shape and/or mor- 
. phology varying over a wide range. These polymers can be in the form of particles that do not have a large ratio of 
greatest dimension to smallest dimension (e.g., granules, flakes, pulveruients, interparticle aggregates, interparticle 
crosslinked aggregates, and the like) and can be in the fomri of fibers, sheets, films, foams, and the like. The hydrogel- 

40 forming absorbent polymers can also comprise mixtures with low levels of one or more additives, such as for example 
powdered sirica, surfactants, glue, binders, and the like. The components in this mixture can be physically and/or 
chemically associated in a form such that the hydrogel-forming polymer component and the non-hydrogel-forming 
polymer additive are not readily physically separable. 

[0051] The hydrogel-forming absorbent polymers can be essentially non-porous or have substantial intemal porosity. 

45 [0052] For partides as described above, particle size Is defined as the dimension determined by sieve size analysis. 
Thus, for example; a particle that is retained on a U.S.A. Standard Testing Sieve with 710 micron operiings (e.g., No. 
25 U.S. Series Altemate Sieve Designation) is considered to have a size greater than 710 microns; a particle that 
passes through a sieve with 710 mteron openings and is retained on a sieve with 500 micron openings (e.g., No. 35 
U.S, Series Altemate Sieve Designation) is considered to have a particle size between 500 and 710 mterons; and a 

50 partide that passes through a sieve with 500 micron openings is considered to have a size less than 500 microns. The 
mass median particle size of a given sample of hydrogel-forming absorbent polymer particles is defined as the particle 
size that divides the sample in half on a mass basis, i.e., one-half of the sample.by weight will have a partide size less 
than the mass median size and one-half of the sample will have a particle size greater than the mass median size. A 
standard particle-size plotting method (wherein the cumulative weight percent of the particle sample retalried on or 

55 passed through a given sieve size opening is plotted versus sieve size opening on probability paper) is typically used 
. to determine mass median particle size when the 50% mass value does not correspond to the size opening of a U.S. 
A. Standard Testing Sieve. These methods for determining particle sizes of the hydrogel-forming absorbent polymer 
partteles are further described in U.S. Patent 5,061 ,259 (Goldman et. al), issued October 29, 1 991 . 
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r00531 For particles of hydroget-f orming absorbent polymers useful In the present invention, the Particles Sener- 
Tranne In s^ze from about 1 to about 2000 microns, more preferably from about 20 to about 1000 microns. JUe mass 
Srn particle Size will generally be from about 20 to about 1 500 microns, more preferably from about 50 microns to 
about 1 000 microns, and even more preferably from about 1 00 to about 800 microns. ^or^onHinn on the 

5 r00541 Within these size ranges, it can be preferable to choose either larger or smaller particles depending on the 
SorZle or s ower absc'rptlon Idnottos. For example, for non-porous particles, the swelling rate -'^^^-^^ 
S^ease with increasing particle size. It can also be preferable to choose either larger or sma^^er ^^'l^^^^^^Z 
size cute (fractions) of larger or smaller particles from the bulk polymer in order to increase the gel layer pemieabilrty 
rs tnSaEhe ilne^ow Conducdv^ (SFC) value). F^ 

10 h« b^n found that narrower size range cuts containing generally larger particle sizes within '^^^.^''^^t P^/^J^^ 
sIzTranges have higherSFC values without any significant degradation in other hydrogel-forming absort^ent polymer 
pmprrties suTas Performance Under Pressure (PUP) capacity and level of extractable pob^mer. T^us. to-xamp.e 
ft can be useful to use a size cut having a mass median size in the range of from about 500 to about 710 microns 
iTein onl minimal mass fractions of the particulates have sizes either greater than about 710 merons or less than 

15 SoTsoO mi^ons. Alternatively, a broader size cut wherein the particles generally have a size in the range of from 
about 300 microns to about 800 microns can be useful. 

b. Physical Properties 

so (1V Saline Flow Conducllvltv (SFC) 

[0055] An important characteristic of the hydrogel-fomiing absort^ent polymers useful in the P[«^«^J";^""*V^ 
pemiiabllity or flow conductivity when swollen with body fluids so as to form a hydrogel zone or layer ^^^^^ 
or flow conductivity is defined herein in tem,s of the Saline Flow Conductivity (SFC) value of ^\^y^^'°^^]^ 
25 absorbent polymer. SFC measures the ability of the fonned hydrogel zone or layer to transport or distnbute body fluids 
^*u«geptLsuL.ltisbelievedthatwhenahydrogel-^ 

in an absorbL member and then swells to fom, a hydrogpl under usage pressures. °J '^^^^^^ 

come into contact, and interstttial voids in this high-concentration region become generally bounded by hydrogeL When 
thToaurs. Itrbelieved the pem,eability or flow conductivity properties of this region are genera ly ^eflect-ve ouhe 
«, pL^III^ or flow conductivity properties of a hydrogel zone or layer fomned from the hydrogel-fom^ ng absort.ent 

p^mer ale. It is further believed that increasing the permeability of these swollen ^'g''-~;^"''^7 

tevL th« approach orevenexceedcom^entlonalacquisttion/distribmion materials, such as wood-pulpflutfcar^p^^^ 

superior fluid handling properties for the absort,ent member and absortjent core, thus decreasing incidents of leakage^ 
esS^ialJ^t high fluidLLgs. (Higher SFC values also are refl^^^^ 

35 body fluids under normal usage conditions.) , ♦ i««„4^ owr^.rt 

[0056] The SFC value of the hydrogel-fomiing absorbent polymers useful in the present •nventjonjs 
30 X 10-^ cm3sec/g. preferably at least about 50 x 1 0Wsec/g. and most preferably «l«^t about 100x10/ amW 
g Typfcally. these SFC values are in the range of from about 30 to about 1000 x 10-7 cm^sec/g more ^p.cal^ from 
^oui 50 to about 500 x 1 cm3sec/g, and most typically from about 1 00 to about 350 x 1 tr'' crn3sec/g. A method fc^ 

40 determining the SFC value of these hydrogel-fomiing absoibent polymers Is provided hereatter in the Test Method 
Section. 

(2V Perfonnance Under Pressure (PUP) 

« [0057] Another important characteristic of the hydrogeMom,ing.absort,ent polyrners useful in the ^^^^^^ '^^f^^^ 
• sthelr demand absort«ncycapaclty undera high confining pressure. This ^^'^^^^''^''^^'^^''^'^^^'l^^^^fj^ 
terms of the polymer's Performance Under Pressure (PUP) capacity. PUP capacity measures the ability of a high^ase 
weight zone orWer of the hydK.gel-fom,lng absort,ent polymerto absort, body fluids under usage pressures. When 
a hJimgel-fom,lng absorbent polymer Is Incorporated Into an absort,ant member at high 

so needs to be capable of absorbing large quantities of body fluids in a reasonable time penod under usage pressur^^ 
Otherwise, the absort«nt member will be less effecthre at absorbing fluid, e.g.. by partitioning ""f ' "^IT^er^ 
components that provide temporary holding capacity for this fluid. When this occurs, it f ''l^^f,'^^' ^T^^^^ 
core is left with insuffcient temporary holding capacity to contain subsequent gushes of body fluid and can leajc pre- 
maturely. Also. t6 be able to deliver a high storage capacity from an absort,ent core of minimal »«'9^* ^f*"''*"^ 

55 the hydrogel-fomiing absort,ent polymer needs to have a relatively high PUP capacity. A relatively high PUP capacity 
hydrogel-forming polymer is also needed to provide economical absorbent cores. ' . . , 

r00581 Usage pressures exerted on the hydrogel-fomiing absoibent polymer include both mechanical pressures (e. 
g.. exerted by th^ weight and motions of the user, taping forces, etc.) and capiiiaiy pressures (e.g.. resulting from the 
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acquisition component(s) in the absoibent core that temporarily hold fluid before tt is absorbed by the hydroget-fonming 
absorbent polymer) It is believed that a total pressure of about 0.7 psl (5 kPa) is reflective of the sum of these pressures 
on the hydrogel-fomiing absorbent polymer as It absorbs body fluids under usage conditions. 
[0059] The PUP capacity of hydrogel-fomiing absorbent polymers useful In the present invention is generally at least' 
about 23 g/g, preferably at least about 25 g/g. end most preferably at least about 29 g/g. Typically, these PUP capacity 
values are in the range of from about 23 to about 35 g/g, more typically from about 25 to about 33 g/g, and most typically 
from about 29 to about 33 g/g. A method for determining the PUP capacity value of these hydrogel-fomiing absorbent 
polymers is provided hereafter in the Test Method Section. 

(3) . Extractable Polymer 

[0060] Another important characteristic of hydrogel-fonmlng absorbent polymers useful in the present Invention is 
the level of extractable polymer material present therein. See U.S. Patent 4,654,039 (Brandt et al). issued March 31 , 
1987 (reissued AprW 19, 198B as Re. 32,649). Many hydrogel-fomning absorbent polymers contain significant levels of 
extractable polymer material. This extractable polymer material can be leached out from the resultant hydrogel by body 
fluids (e.g., urine) during the time period such body fluids remain In contact with the hydrogei-forming absorbent pol- 
ymer. It is believed such extracted polymer material can alter both the chemical characteristics (e.g., osmotarlty) and 
physical characteristics (e.g., viscosity) of the body fluid to such an extent that the fluid is more slowly absorbed and 
more poorly held by the hydrogel. This polymer contaminated fluid is also more poorly transported through the absorb- 
ent member Such a situation can contribute to undesirable and premature leakage of body fluid from the absorbent 
artble. Thus it is desirable to use hydrogei-forming absorbent polymers with lower levels of extractable polymer ma- 
terial, 

[0061] The importance of not adversely impacting the effective absorption/retention of body fluids by the swollen 
hydrogei-forming absorbent polymer, or the facile transport of body fluids through regions of the absorbent member 
containing the swollen polymer, is believed to be particularly true as: (a) the quantity of polymer in the absorbent 
member is increased; (b) the quantities of other absorberit components (e.g., fibers) are decreased; and/or (c) the 
localized concentration of polymer in the absorbent membef^is increased. Thus, for example, it is believed that at higher 
localized concentrations of hydrogei-forming absorbent polymer in the absorbent member, there is a smaller volume 
of fluid within the interstitial regions (I.e., outside the hydrogel) to dilute the extractable polymer material, thus tending 
to increase its concentration in these interstitial regions. This exacerbates the effect of the extractable polymer on the 
absorbed body fluids within these Interstitial regions. 

[0062] The adverse Impact of higher levels of extractable polymer on the absorption/retention of fluid by the hydrogei- 
forming absorbent polymer and the transport of fluid through the interstitial regions within the resultant hydrogel zone 
or layer is also discemible in temns of PUP capacity and SFC values. Thus, for example, it is not unusual for hydrogel- 
fomiing absorbent polymers having higher levels of extractable polymer material to have a PUP capacity value that 
decreases over time (e.g., is lower at 225 minutes versus 60 minutes). This decrease in absorption/retention of fluid . 
over time is believed to be, al least in part, a consequence of higher levels of extractable polymer being present to 
alter the chemical properties of the interstitial fluid. II is also not unusual for a hydrogel-fomiing absorbent polymer 
having higher levels of extractable polymer material to have a SFC value that is initially lower and then increases over 
time to a greater extent than a comparable hydrogei-forming absorbent polymer having a lower level of extractable 
polymer. A lower initial SFC value for the higher.extractable-polymer material is believed to result, at least In part, from 
a higher initial viscosity for interstitial fluid. 

[0063] Accordingly, for hydrogei-forming absorbent polymers useful in the present invention, it is preferred that the 
level of extractable polymer be about 1 5% or less, more preferably about 1 0% or less, and most preferably about 7% 
or less of the total polymer. Methods for determining the levels of extractable polymer in these hydrogei-forming ab- 
sorbent polymers invention are provided hereafter In the Test Method Section. 

(4) . Porosity of Hydrogel Zone or Layer 

[0064] Another important characteristic of hydrogei-forming absorbent polymers useful in the present invention is 
the porosity of the hydrogel zone or layer fonned when the polymer is swollen in body fluids under a confining pressure. 
As used herein, the term "porosity" means the fractional volume.(dimension-less) that is not occupied by solid material. 
See J. M. Couison et. al.. Chemical Engineering Vol. 2, 3rd Edition, Pergamon Press, 1978. P126. For a hydrogel zone 
or layer formed entirely from a hydrogei-forming absorbent polymer, porosity is the fractional volume of the zone/layer 
that is not occupied by hydrogel. For a region of an absorbent member containing the hydrogel, as well as other 
components, porosity is the fractional volume of the region (also referred to as interstitial volume and volume of inter- 
stitial regions) that is not occupied by the hydrogel, or other solid components (e.g., fibers). Porosity of an absorbent 
region is equal to the ratio of the interstitial volume within the region to the total volume of the region. 
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[0065] The porosity of the hydrogelzone or layermeasured under a confining pressure of 0.3 ;^''"P°'^" P"^^"^, 
because of Its impac on penneability (i.e.. SFC values) of the hydrogel zone/layer. Higher porosity's are an important 
contrb^o to Ser perr^eabil^. Conversely, a hydrogel .one or layer with a relatively low P»-^^ »° 
have very high permeability. Accordingly, It is preferred that the hydrogel zone or layer formed when *e hydrogel- 
for^nlng Lorbert polymers of the presert invention are swollen by body fluids have a relativeV high porosity under 
a conftiing pressure of 0.3 psi. 



(5). Gel Volume 



[0066] Another characteristic that can be important for hydrogel-fomiing absort^ent polymers useful .n the present 
nvenuon is gel volume. As used herein, the -gel volume" of a hydrogel-fomning absorbent polymer '^ defined as rts 
ree-swell absorbent capacity when swonen In an excess of Jayco synthetic urine. It provides a measure of the maxirr^um 

JLor^en iacity of the polymer under conditions at use where the pressures on the polyrner relatively low_ 

M?ftods for*temrining the gel volumes otth^ 



[0067] It is preferred that the hydrogel-fomiing absorbent polymer have a relatively high gel volume Th^aHows «ie 
polymer to absorb a greater quantity of body fluids under usage situations where the pressur^ on the Po'/mer aw 
S?s Referred that the gel volume of the hydrogel-fomilng absorbent polymers 

about 20 g/g. more preferably at least about 25 g/g. and most preferably at least abom 30 g/g. Typteally. th^e ^ 
volumes aTe in the range of from about 20 to about 100 g/g, more typically from about 25 to about 80 g/g, and most 
typically from about 30 to about 70 g/g. 

tav Gel Strength 

[0068] Another characteristic that can be mportam for hydrogel-forming absorbent polymers usefuMn the present 
nvendon is gel strength. As used herein., "gel strength" relates to the tendency of the hydrogel formed from the ab- 
. soSit po^^erto d^m, or flow" under usage stresses^, Gel strength needs to be such that the hydrogel does not 
de*m, and^l to an unacceptable degree the void spacejs between the hydrogel and the "^^-[^^^P^^^^^^^ 
absorbent member. In general, increasing gel strength will result in an increase >'^J^^P^^^^''^J^''^^^°^'JL^2 
hydrogel zone or layerfom,ed from the hydrogel-fom^ng absorbent polymer. A method tor detemiining the gel «mngtt, 
Of the hydrogel-fom^mg absorbent polymer of the present invention Is provided ^f^,"^*';^^^^ 
[0069] Although maximizing gel strength Is not as critical as other properties stjch as and P^JP -^p^^^^^ 
prefeixed that the hydrogel-fomiing absorbent polymers ollhe present .mrenUon have a relatively ^'9^ 9^1 «reng«^ 
Vhis increases the ability of the formed hydrogel to resist detomiation under usage Presau«s .'t is P-^^"^** 
gel strength of the hydrogel-fomiing absorbent polymers of the present invention be at "eas^ about 1 0flOO dynes/cm^, 
more preferably at least about 20,000 dynes/cnDZ. and most preferably at least about 40.000 dynes/cn*:.. 

c. Methods for Making 

[0070] The basic hydrogeMonning absorbent polymer can be fomied in any conventional manner. Typical and pre- 
fSprocLes for producing these polymers are described in U.S. Reissue Patent32,649 (Branmetal) issued Apnl 
^ 9 198? U.S. Patent 4.666.983 (Tsubakimoto et al), issued May 19, 1987, and U.S. Patent 4,625,001 (Tsubakimoto 
etal) issued November 25, 1986. 

roOTI] Preferred methods for forming the basic hydrogel-forming absorbent polymer are those involving aqu^us 
solution or other solution polymeri2atk>n methods. As described in the above-referenced U.S. Patent Reissue 32.649 
aqueous solution polymerization Involves the use ofan aqueous reacUon mixture to carry out polymeruatlon^The 
aqueous reaction mixture is then subjected to polymerization conditions which are sufficient to produce m the mTO 
substantially water-msoluble, slightly networiccrosslinked polymer.The mass of polymer fomfied can then be pulverized 

or chopped to form individual particles. ' ^ . . ■„„ =h=«,f,»nf 

r00721 More specifically, the aqueous solution polymerization method forproducing the hydrogel-fomiing absorbert 
DOl vmer comprises the preparation of an aqueous reaction mixture in which to carry out the polymerization One element 
of Sa3ionmixtureis the acid group-containlngmonomer that wil 

absortaent polymer to be produced. The reaction mixture will generally comprise about 100 P^f by weight of the 
monomer Another component of the aqueous reaction mixture comprises a network crosslinking agent. Networic 
crosslinkina agents useful in forming the hydrogel-forming absorbent polymer according to the present invention are 
d^rlSn more detail inthe above-referenced U.S. Reissue Patent 32,649, U.S. Patent 4,666.983, andU.S. Patert 
4 6ffi 001 The networic crosslinking agent will generally be present in the aqueous reacUon mixture in an amount of 
from ^out 0.001 mole percent to about 5 mole percent based on the total moles of monomer present in the aqueous 
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mixture (about 0.01 to about 20 parts by weight, based on 100 parts by weight of the monomer^. An optional component 
of the aqueous reaction mixture comprises a free radical Initiator Including, for example, peroxygen compounds such 
as sodium, potassium, and ammonium persutfates, caprylyl peroxide, benzoyl peroxide, hydrogen peroxide, cumene 
hydroperoxides, tertiary butyl diperphthalate, tertiary butyl perbenzoate, sodium peracetate, sodium percarbonate, and 
5 the like. Other optional components of the aqueous reaction mixture comprise the'various non-acidtc co-monomers, 
including esters of the essential unsaturated acidic functional group-containing monomers or other co-monomers con- 
taining no carboxylic or sulfonic acid functionalities at all. 

[0073] The aqueous reaction mixture is subjected to polymerization conditions which are sufficient to produce in the 
mixture substantially water-insoluble, but water-swellable , hydrogel-forming absorbent slightly network crosslinked 
*o polymers. The polymerization conditions are also discussed in more detail in the three above-referenced patents. Such- 
polymerization conditions generally involve heating (thermal activation techniques) to a polymerization temperature 
from about to about 100**C, more preferably from about 5* to about 40'C. Polymerization conditions under whfch 
the aqueous reaction mixture is maintained can also include, for example, subjecting the reaction mixture, or portions 
thereof, to any conventional fonm of polymerization activating irradiation. Radioactive, electronic, ultraviolet, or elec- 
ts tromagnetic radiation are altemath/e conventional polymerization techniques. 

[0074] The acid functtonal groups of the hydrogeM omiing absorbent polymer fomned in the aqueous reaction mixture 
are also preferably neutralized. Neutralization can be carried out In any conventional manner that results In at least 
. about 25 mole percent, and more preferably at least about 50 mole percent, of the total monomer utilized to fomi the 
polymer being acid group-containing monomers that are neutralized with a salt-lonning cation. Such salt-forming cat- 
^ Ions Include, for example, alkali metals, ammonium, substltirted ammonium and amines as discussed in further detail 
in the above- references U.S. Reissue Patent 32,649. 

[0075] While it is prefen-ed that the particulate versions of hydrogel-forming absorbent polymer be manufactured 
• using an aqueous solution polymerization process, it is also possible to cany out the polymerization process using 
multi-phase polymerization processing techniques such as inverse emulsion polymerization or inverse suspension 

^ polymerization procedures. In the inverse emulsion polymerization or inverse suspension polymerization procedures, 
the aqueous reaction mixture as described before is suspended In the fonn of tiny droplets in a matrix of a water- 
immisclble. Inert organic solvent such as cyclohexane. TheVesultant partbles of hydrogel-forming absorbent polymer 
are generally spherical in shape. Inverse suspension polyrrierization procedures are described in greater detail In U. 
S. Patent 4,340,706 (Obaysashi et al). issued July 20, 1982. U.S. Patent 4,506,052 (Flesher et al), issued March 19. 

30 1 985, and U.S. Patent 4,735,987 (Morita et al), issued April 5, 1 988. 

[0076] Surface crosslinking of the initially formed polymers is a preferred process for obtaining hydrogel-forming 
absorbent polymers having relatively high SFC and PUP capacity values. Hydrogel-forming absort>ent polymers that 
are surface crosslinked in general have higher values for SFC and PUP than those having a comparable level of 
"functional" crosslinks but without surface crosslinking. Without being bound by theory, It is believed that surface 

55 crosslinking increases the resistance to deformation of hydrogel-forming absorbent polymer surfaces, thus reducing 
the degree of contact between neighboring polymer surfaces when the resultant hydrogel is deformed under an external 
pressure. The degree to which SFC and PUP capacity values are enhanced by surface crosslinking depends on the 
relative levels and distributions of internal and surface crosslinks and the specifics of the surface crosslinking chemistry 
and process. 

40 [0077] Functional crosslinks are those that are elastically active and contribute to an increase in modulus for the 
swollen hydrogel-forming absort^ent polymers. Gel volume generally provides a reasonable measure of the overall 
level of "functionaP' crosslinking in an hydrogel-fonning absorbent polymer, assuming that the only significant variable 
is the level of crosslinking. Generally, gel volume has an inverse power-law dependence on the level of crosslinking. 
Additional means for determining the overall levels of functional crosslinks include measurements of shear and elastk: 

45 modulus of the resultant hydrogel formed by the swollen polymer. 

[0078] Surface crosslliiked hydrogel-forming absorbent polymers have a higher level of crosslinking in the vicinity 
of the surface than In the interior. As used herein, "surface" describes the outer-facing boundaries of the particle, fiber, 
etc. For porous hydrogel-fonmlng absortaent polymers (e.g., porous particles, etc.), exposed Intemal boundaries can 
also be included. By a higher level of crosslinking at the surface, It is meant that the level of functlpnal crosslinks for 
' so the hydrogel-forming absorisent polymer in the vicinity of the surface is generally higher than the level of functional 
crosslinks for the polymer in the interior 

[0079] The gradation in crosslinking from surface to interior can vary, both in depth and profile. Thus, for example, 
the depth of surface crosslinking can be shallow, with a relatively sharp transition to a lower level of crosslinking. 
Alternatively, for example, the depth of surface crosslinking can be a significant fraction of the dimensions of the hy- 
ss drogel-f orming absorbent polymer, with a broader transition. 

[0080] Depending on size, shape, porosity as well as functional considerations, the degree and gradient of surface 
crosslinking can vary within a given hydrogel-forming absorbent polymer. For particulate hydrogel-fonning absorbent 
polymers, surface crosslinking can vary with particle size, porosity, etc. Depending on variations In surfaceivolume 
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ratio within the hydrogel-forming absorbent polymer (e;g., between small and large particles), it is not unusual for the 
overalllevelofcrosslinkingtovary within the material (e.g., be greater for smaller particles). ^ ^ . 

rooan surface crossllnklng is generally accomplished after the final boundaries of the hydrogei-fomiing absoitoerrt 
polymer are essentially established (e.g.. by grinding, extruding, foaming, etc.) However. It is also possible to effect 
surface cfosslinldng concurrent wKh the creation of final boundaries. Furthermore, some additional changes in bound- 
aries can occur even after surface crosslinks are introduced. . , ^ u 
ro0821 A number of processes for introducing surface crosslinks are disclosed in the art, These include those where: 
i)adi-or poly-Functional reagent(8) (e.g.. glycerol. 1 .3-dioxolan-2-one. polyvalent metal ions, polyquatemary amines) 
capable tt reacting with existing functional groups within the hydrogeMomiing absorbent polymer is applied to the 
surface of the hydrogel-fonning absorbent polymer; (11) a dl- or polyfunctional reagent that is capab e of reacting with 
other added reagents and possibly existing functional groups within the hydrogel-fomiing absorbent polymer such as 
toincreasethelevel of crosslinking at the surface is applied to the surface(e.g..the addition of monomerpluscrosslink^^ 

and the initiation of a second polymerization reacUon); (HI) no additional polyfunctional reagents are added^but addi- 
tional reaction{s) is induced amongst existing components within the hydrogeMomiing absorbent polymereither dunng 
or afterthe primary polymerization process such as to generate a higher level of crossllnklng at or near the surface (e 
q heating to induce the formation of anhydride and or esters crosslinks between existing polymer cartsoxylic add and/ 
or' hvdro>~l groups and suspension polymerization processes wherein the crosslinker Is Inherently present at higher 
levete nearthe surface): and (iv) other materials are added to the surface such as to induce a higherlevel of cross intang 
or otherwise reduce the surface detormablllty of the resultant hydrogel. Combinations of these surface crossllnklng 
processes either concurrently or in sequence can also be, employed. In addition to crossllnklng reagents other com- 
ponents can be added to the surface to aid/control the distribution of crossllnklng (e.g.. the spreading and penetration 
of the surface crcisslinking reagents.) . ._ ^ . . _ 

r00S3] Suitable general methods for oanying out surface crossllnklng of hydrogel-forming absorbent polymers ac- 
cordingto the present Inventton are disclosed in U.S. Patent 4,541 ,871 (Obayashi), issued September 17. 1 985; pub- 
lished PCX application W092/16565 (Stanley). pubDshed October 1. 1992, published PCT «PP'f ^090/08789 
(Tai) published August 9. 1990; published PCT application WO93/050B0 (Stanley), published lyiarch IB 1993; U.S. 
Patent 4.824.901 (Alexander), issued April 25. 1989; U.S.fatent 4,789.861 (Johnson), issued January 17, 989; U 
S Patent 4,587.308 (Makita). issued May 6. 1986; U.S. Patent 4.734.478 (TsubaWmoto). issued March 29 1988; U. 
S Patent 5,1 64.459 (Kimura eL al.). issued November 17. 1 992; published German patent applfcation *f20,780 (Dah- 
men), published August 29. 1 991 ; and published European patent application 509,708 (Gartner), published October 
21 1 992 

r00841 - The hydrogel-forming absorbent polymer particles prepared according to the present Invention are typlcalty 
substantially dry. The term -substantially dry- Is used herein to mean that the particles have e fluid content typically 
water or other solution content, less than about 50%. preferably less than about 20%, more preferably less than about 
10% by weight of the particles. In general, the fluid content of the hydrogel-fonning absorbent polymer particles is in 
the rknge of from about 0.01% to about 5% by weight of the particles. The individual partfcles can be dried by any 
conventional method such as by heating. Alternatrvely. when the particles are fonmed using an aqueous reaction mix- 
ture water can be rBmoved from the reaction mixture by azeotropic distillation. The polymer-containing aqueous re- 
action mixture can also be treated with a dewatering solvent such as methanol. Combinations of these drymg proce- 
dures can also be used. The dewatered mass of polymer can then be chopped or pulverized to form substantially dry 
particles of the hydrogel-forming absorbent polymer. 

d. Specific Examples 

[0085] The following provides some specific examples of hydrogel-fomiing absort)ent polymers suitable tor use in 
the present invention: 

Example 1: Surface Treatment of Naico 1180 with Ethylene Cartjonate 

r00861 A non-surface-crosslinked particulate partially neutralized sodium polyacrylate hydrogel-forming polymer, ob- 
tained from NaIco Chemical Co., Naperville ill (Nalco 1180; lot no. NCGLG3C920E), is used and has the Properties 
listed under Sample 1-1 in Table 1 below. A 20.0 gram aliquot of this hydrogel-forming absorbent polymer is divided 
equally into two pre-weighed 1 50 x 1 5 mm disposable polystyrene petri dishes. The polymer in each of the petn dishes 
is spread out over the bottom, so that the particles are generally not piled on top of each other. A PreVal Spray Gun 
{Precision Valve Corp; Yonkers, N.Y.) is used to deposit 2.0 g of a 50 weight percent aqueous solution of ethylene 
carbonate (1 3-dioxolan-2-one; Aldrich cat. no. E2.625-8) on the particles. This corresponds to a 1 0% weight add-on 
to the starting polymer. Approximately one-half of the total application is sprayed over exposed surfaces of the particles 
in the two petri dishes. This causes the particles to generally adhere in a sheet-lilce structure. The petn dishes are 
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covered, inverted, and tapped so that, for each petri dish, the sheet-like structure is transten-ed to the Inverted cover 
of the petrl dish and the bottom surfaces of the particles are exposed. Particles adhering to the bottom of the petri dish 
are scrapped off and transferred to the inverted cover. The second half of the application is then applied. The inverted 
cover of the petri dish is then covered by the inverted bottom of the petri dish . The entire system (petri dish boQom. 
5 petri dish cover, hydrogel-forming polymer, & applied ethylene carbonate solution) is weighed. The total weight of 
ethylene carbonate solution deposited in both petri dishes is determined gravimetrically, by difference from the com- 
bined weight prior to spraying. 

[0087] The treated hydrogel-forming absorbent polymer is transfen-ed to a Number 20 U.S.A Standard Testing Sieve 
(850 micron opening). The sheet-like structure is gently disrupted with gentle pressure using a spatula and plastic 

10 scoop so that the bulk ot the polymer passes through the screen and is collected in a pan. Some physical losses occur 
during this process. The particulate polymer is transferred to a tarred glass beaker and covered with a watch glass. 
■Rie sample is then placed into a pre-heated Despatch LFD Forced Air Oven that is preset at a temperature of 1 95"*C. 
It is removed after one houn placed in a desiccating box over Drierlte, and reweighed after cooling to ambient temper- 
ature. The percent weight loss as a result of heating is 12.2%. 

15 [0088] The resultant surface-treated polymer particles tend to adhere to each other. The particulate mass is gently 
disrupted with a spatula and transferred back to the No.20 sieve. The bulk of the particles passes through the sieve 
upon gentle agitation and pressure and are collected in the pan. Some slight addittonal phystoa! losses occur during 
this process. The surface-treated polymer particles are then transf ened to a tarred bottle for weighing and storage. A 
product weight of 1 7.4 grams Is obtained. 

^ [0089] The properties of these surface-treated polymer particles (sample 1 -2) are shown In Table 1 below: 



Table 1 



Sample Code 


Mass MedlisUi 
(microns) 


Gel Volum (g/g) 


Extractables 
(weight %) 


PUP Capacity (g/ 

g) 


SFC Value (D 
(1 0-7 X cm^sec/ 


1-1(2) 


400 


42.2 


■i 9 


8.6 


0.073(5) 


1-2 


450 


35.6 


7 


29.3 


115 



("^ )Average of three determinations 

(2)B8se polymer for preparation of sample 1-2 (prior to surface ciosaOnlcing) 
(5h7» absorption time for Jayco SynUrine Is extended to 1 6 houre for this sampta 



Example 2: Surface Treatment of Naico 1180 with Ethylene Carbonate at Different Levels 

• ^ [0090] The surface-treatment procedure described in Example 1 is repeated on two additional 20.0 gram aliquots of 
the Naico 1180 particulate hydrogel-forming absorbent polymer, but varying the percent add-on of 60% aqueous eth- 
ylene carbonate solution and reducing the oven temperature 185''C. Again, each of the 20.0 gm ailquots Is divided 
evenly into two polystyrene petri dishes for the deposition of the ethylene carbonate solution. The surface treated 
samples are again heated for a time period of one hour. The results are shown in Table 2 below: 



Table 2 





Sample 


Ethylene 


Weight 


Mass 


Gel 


Extractables 


PUP 


SFC Valued) 




Code . 


Carbonet 


Loss @ 


Median 


Volume (g/ 


(weight %) 


Capacit (g/ 


{10->cm3sec^ 


4S 




Solution 


185» (%) 


(micmns) 


g) 




g) 






(wt. %) 
















2-1 


10.5 


12.0 


470 


38.2 


7 


30.6 


44 


2-2 


20.0 


17,1 


460 


36.0 


7 


30.0 


59 . 



so ^Average of Vtveo dctermlnattons 



Example 3: Hydrogel-Forming Absorbent Polymers From Commercial Sources 

[0091] The properties of certain particulate partially-neutralized sodium polyacrylate hydrogel-fomriing polymers ob- 
55 tained from commercial sources useful in the present invention are shown in Tables 3^1 and Table 3-2: 
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Table 3-1 



\ 5 



Sample Code 


Manufacturer 


Sample Designation 


Lot# 


3-1 


StockhausenC^) 


W52521 




3-2 


■ 


W52503 




3-3 


N 


W52523 




3-4 


Naico Chemical Co<^. 


XP-30 


3707-90A 


3-5 


tt 


XP-30 


3815-64 


3-6 


Chemdal Corp. (3) 


ASAP-1001 


3373 


3-7 




■ 


00842 



t^)stockhausen, Chemische Fabrik Slockhausen GmbH of Kiefeid, Germany 
(^Naico Chemical Company of Napefvilte, lllfaiob 
(3)Cherodal Coiporation of Palattna. lUinote 



20 



25 



Table 3-2 



Sample Code 


Mass Median 
(microns) 


Gel Volume (g/g) 


Extractables 
(weight %) 


PUP Capacity (g/ 

g) . 


SFC Value 0) 
(10-^x cm^sec^ 
gm 


3-1 


430 


29.1 


5 


25.9 


166 


3-2 


500 


30.3 


7 


25.2 


130 


3-3 


360 


35.7 


\ ^ 


29.9 


61 


3-4 


350 


34.7 




29.9 


49 


3-5 


390 


35.2 


4 


30.9 


57 


3-6 


500 


35.4 


15 


23.6 


93 


3-7 


440 


37.2 


13 


23.4 


70 



40 



45 



^Average of three determinations 

Example 4: Selected Size Fractions of Hydrogel- Forming Polymers 

[0092] Selected size fractions of particulate partially neutralized sodium polyacrylate hydrogel-forming absorbent 
polyniers are obtained by size fractionation of the bulk polymers through U.S.A. Standard Testing Sieves. The properties 
of these fractionated samples are shown in Table 4 below: 

Table 4 



Sample 
Code 


Sample 
Source 


Size Fraction . 
(microns) 


Gel Volume^ . 

(g/g) 


Extractables 
(weight %) 


PUP 

Capacity (g/ 

g) 


SFC Value 0) 

{lO-^x 

crrPsec/g) 


4-1 


* 


500-710 


44.4 


10 


30.5 


35 


4-2 


3-2 


500-710 


29.6 


7(2) 


25.2 


206 


4-3 


3-1 


500-710 


28.2 


4 


25.7 


355 


4-4 


n 


355-500 


29.2 . 


6 


26.4 


252 


4-5 


n 


250-355 


30.3 


6 


26.9 


166 



55 



3 sample (« 3-2). 
(Z) Estimated from value for souiee sample (# 3-2). 

'UnfrBcfionaled sample source is L-7eif lot no. 2T12, obtained from N^pon ShokiM of Osaka, Japan. The souice piolymer has the follow'rng 
properties: mass median «ze, 390 microns; ge! volume. 41.4 g/g; extractables, 10 wt%; PUP capaeSfy, 29.4 gfg-, SFC value. 18 x 10*^ cm^sec/igm. 



14 



EP 0 752 892 B1 



X. 



Table 4 (continued) 



Sample 


Sample 


Size Fraction 


Gel Volume 


Extractables 


PUP 


SFC Value 0) 


Code 


Source 


(microns) 


(g/g) 


(weight %) 


Capacity (g/ 


(10-7x 












g) 


cm^sBc/g) 


4-6 




1B0-250 


30.0 


6 


27.2 


90 



0) Average of three determinations 



2. FBarous Materials 



IS 



20 



30 



40 



so 



S5 



[0093] The absorbent members of the present invention can comprise fibrous materiais to f onm fibrous web or fibrous 
matrices. Fibers useful In the present Invention include those that ere naturally occurring fibers (modified or unmodified), 
. as well as synthetically made fibers. Examples of suitable unmodified/modified naturally occuning fibers include cotton, 
Esparto grass, bagasse, kemp, flax, silk, wool, wood pulp, chemically modified wood pulp, jute, rayon, ethyl cellulose, 
and cellulose acetate. Suitable synthetic fibers can be made from polyvinyl chloride, polyvinyl fluoride, polytetrafluor- 
oethylene, polyvinyl! dene chloride, polyacrylics such as ORLON®, polyvinyl acetate, polyethylvinyj acetate, non-sol- 
uble or soluble polyvinyl alcohol, polyolefrns such as polyethylene (e.g., PULPEX(S>) and polypropylene, polyamides 
such as nylon, polyesters such as DACRON® or KODEL®, polyurethanes, polystyrenes, and the like. The fibers used 
can comprise solely naturally occurring fibers, solely synthetic fibers, or any compatible combination of naturally oc- 
curring and synthetic fibers. 

[0094] The fibers used in the present invention can be hydrophtlic, liydrophobic or csm be a combination of both 
hydrophilto and hydrophobic fibers. As used herein, the temi "hydrophiitc" describes fibers, or surfaces of fibers, that 
are wettabie by aqueous fluids (e:g., aqueous body fluids) deposited on these fibers. IHydrophiricity and wettability are 
typically defined in terms of contact angle and the surface tension of the fluids and solids involved. This is discussed 
In detail In the American Chemical Society publication entitled Contact Angle. Wenabllity and Adhesion , edited by 
Robert F. Gould (Copyright 1964). A fiber, or surface of a fiber, is said to be wetted by a fluid (i.e., hydrophllic) when 
either the contact angle between the fluid and the fiber, or Its. surface, is less than 90", or when the fluid tends to spread 
spontaneously across the surface of the fiber, both conditions normally co-existing. Conversely, a fiber or surface is 
considered to be hydrophobic if the contact angle is greater than 90* and the fluid does not spread spontaneously 
across the surface of the fiber. 

[0095] The particular selection of hydrophilic or hydrophobic fibers will depend upon the fluid handling properties 
and other characteristics desired for the resulting ed)sorbent member. For example, for absorbent members that are 
to be used to replace completely, or partially, a hydrophobic, nonwoven topsheet, at least one of the absorbent mem- 
bers, typically the member adjacent the wearer of the absorbent article, can desirably comprise hydrophobic fibers. 
The use of hydrophobic fibers in at least one of the absortsent members can also be useful where the member com- 
prising the hydrophobic fibers Is adjacent a "breathable," but somewhat fluid pervious backsheet of an absorbent article 
such as infant training pants; the member comprising the hydrophobic fibers provides a fluid impervious barrier. 
[0096] For many absorbent members according to the present invention, the use of hydrophilic fibers is preferred. 
This is especially true for absorbent members that are desired to efficiently acquire discharged body fluids, and then 
quickly transfer end distribute the acquired fluid to other, remote regions of the absorisent member or absorbent core. 
The use of hydrophilic fibers Is particularty desirable for those absorbent members that comprise the hydrogel-forming 
absorbent polymers. 

[0097] Suitable hydrophilic fibers for use In the present Invention include ceDulosic fibers, modified cellulosic fibers, 
rayon, polyester fibers such as polyethylene terephthalate (e.g., DACRON®), hydrophilic nylon (HYDROFIL® ), and 
the like. Suitable hydrophilic fibers can also be obtained by hydrophilizing hydrophobic fibers, such as suriactant-treated 
or silica-treated thermoplastic fibers derived from, for example, polyolefins such as polyethylene or polypropylene, 
polyacrylics, polyamides, polystyrenes, polyurethanes and the like. For reasons of availability and cost, cellulosic fibers, 
in pariicuiar wood pulp fibers, are preferred for use in the present invention. 

[0098] Suitable wood pulp fibers can be obtained from well-known chemical processes such as the Kraft and sulfite 
processes. It is especially preferred to derive these wood pulp fibers from southern soft woods due to their premium 
absorbency characteristics. These wood pulp fibers can also be obtained from mechanical processes, such as ground 
wood, refiner mechanical, thermomechanical, chemlmechanical, and chemithermomechanical pulp processes. Recy- 
cled or secondary wood pulp fibers, as well as bleached and unbleached wood pulp fibers, can be used. 
[0099] A desirable source of hydrophilic fibers for use in the present Invention, especially for absorbent members 
providing both fluid acquisition and distribution properties, is chemically stiffened cellulosic fibers. As used herein, the 
temi "chemicaily stiffened cellulosic fibers" means cellulosic fibers that have been stiffened by chemical means to 
increase the stiffness of the fibers under both dry and aqueous conditions. Such means can include the addition of a 
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chemical stiffening agent that, for example, coats and/or Impregnates the fibers. Such means can also include the 
stiffening of the fibers by altering the chemical structure, e.g., by crosslinl<ing polymer chains 
[01 00] Polymeric stiffening agents that can coat or impregnate the celluloslo fibers include: cationic modified starches 
having nitrogen-containing groups (e.g., amino groups) such as those available from National Starch and Chemical 
Corp.. Bndgewater. NJ. USA; latexes; wet strength resins such as polyamlde-epichlorohydrin resin (e.g.. Kymene® 
TlT^'r^J^ ' Wilmington, Delaware, USA), polyacrylamlde resins described, for example, in U.S. Patent 
3,556,932 (Coscia el al), issued January 19, .1971 ; commercially available polyacrylamides marketed by American 
Cyanamid Co.. Stamford, CT, USA, under the tradename Parez® 631 NC; urea fomialdehyde and meiamine formal- 
dehyde resins, and polyethylenimine resins. A general dissertation on wet strength resins utilized In the paper art and 
generally applicable herein, can be found in TAPPi monograph series No. 29. "Wet Strength in Paper and Paperboard" 
Technical Association of the Pulp and Paper industry (New York, 1 965). 

[01 01 ] These fibers can also be stiffened by chemical reaction. For example, crosslinking agents can be applied to 
the fibers that, subsequent to application, are caused to chemically form Intraflber crosslink bonds. These crosslink 
bonds can increase the stiffness of the fibers. While the utilization of intrafiber crosslink bonds to chemlcaliy stiffen the 
fiberis prefen-ed. it is not meant to exclude other types of reactions for chemical stiffening of the fibere 
[0102] Fibers stiffened by crosslink bonds in Individualized form p.e.. the Individualized stiffened fibers as well as 
proo^es for their preparation) are disclosed, for example. In U.S. Patent 3.224,926 (Bemardin), issued December 
T,' It^' U P«t»"*3.440,135 (Chung), Issued April 22. 1969; U.S. Patent 3,932,209 (Chatterjee), issued Janua~ 
. - ■ 'm1 « * 4,035,147 (Sangenis et al.). Issued July 12, 1977. IWore preferred stiffened fibers are dis- 

closed '"U.S^ Patent 4 822.453 (Dean et al), issued April 18, 1989; U.S. Patent 4,888,093 (Dean et al). Issued De- 
cember 19. 1989; U.S. Patent 4.898,642 (Moore et aQ, issued February 6, 1990; and U.S. Patent 5.137.537 (Herrow 
et al), issued August 11,1 992. 

P103J In the rnore preferred stiffened fibers, chemical processing includes intrafiber crosslinking with crosslinking 
agenlB while such fibere are m a relatively dehydrated, defibrated (i.e., individualized), twisted, curled condition. Suitable 
Chemical stiffening agents are typically monomeric crosslinking agents including, but not limited to. Cj-C. dialdehyde 
Ca-C^ monoaldehydes having an acid functionality, and especially Cj-Cs polycarboxylic acids. These compounds ar^ 
capable of reacting with at least two hydroxyl groups in affiingle cellulose chain or on proximately located cellulose 
Chains in a single fiber. Specific examples of such crosslinjcing agents include, but are not limited to. glutaraldehyde 
glyoxai, foirnaldehyde, glyoxyllc acid, oxydlsuccinic acid and citric acid. The effect of cmssiinking under these condi- 
tions IS to form fibers that are stiffened and which tend to retain their twisted, curled configuraUon during use in the 
thermally bonded absorbent structures herein. Such fibers, and processes for making them, are described in the above 
patents. 

'^^rl^T^ f ""T*^ ^ *^ quantified by referencing both a fiber "twist 

count" and a fiber -curt factor-. As used herein, the tern, twist count' refers to the number of twist nodes present in a 
f„„ rJ^"f utilized as a means of measuring the degree to whfch a fiber is rotated about its 

longitudinal axis. The term "twist node" refers to a substantially axial rotation of 1 80" about the longitudinal axis of the 
fiber, wherein a portion of the fiber (i.e., the "node") appears dark relative to the rest of the fiber when viewed under a 

V*^^'^ ""'^^ ^PP^^'^ ^^'"^ ^^^^i" transmitted light passes through 

!f J . r. ° '*"Sth of fibers (i.e., the twist count) is directly indicative of the degree 

of fiber twist, Which is a physical parameter of the fiber. The procedures for deteimining twist nodes and total hvist 
count are described in U.S. Patent 4,898,642. 

[0105] The preferred stiffened fibers will have an average dry fiber twist count of at least about.z;?. preferably at 
least about 4.5 twist, nodes per millimeter Furthemiore, the average wet fiber twist count of these fibers should pref- 
r^ii^ 1 T' °.K°"U-°' '"^'^'^'^ ^"""^ ^ P^«'«'«^'V « '^^t about 0.6 twist nodes 

be at least about 5.5 twist nodes per millimeter, and the average wet fiber twist count should be at least about 4 0 twist 
nodes per millimeter and should also be at least 1.0 twist nodes per millimeter less than its average dn, fiber twist 
count. Most preferably, the average dry tber twist count shouM be at least about 6.5 twist nodes per millineter and 
i n wT^!. ""^'.r^' be at least about S.O twist nodes per millimeter and should also be at 'least 
1 .0 twist nodes per millimeter less than the average dry fiber twist count 

Ihl°f2,* i" f '!i*'!r ^- ''^'IJS twisted, these preferred stiffened fibers are also curled. Rber curl can be described as 
1V„«^^ shortening of the fiber due to Wnks. twiste. and/or bends in the fiber. For the purposes of the present 
invention, fiber curt is measured in Xerms of a two dimensional plane, "nie extent of fiber curiing can be quanWied by 
TZ^!"^ H ""^ ?^ '""^ ^ *^ '^■^enslonal measurement of curl, is detemiined by viewing 
If « wL '*™»"*«>nai plane. To detemiine curt factor, the projected length of the fiber as the longest dLension 
Sie TJZ"^ "^^ l encompassing the fiber, 1^, and the actual length of the fiber. L^. are both measured. 
The ftoer curt factor can then be calculated from the followringequatton: 
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Curl Factor = (L^/Lr) - 1 . 

[0107] An image analysis method that can be utilized to measure and La described in U.S. Patent 4,898,642. 
5 Preferably the stiffened fibers will have a curl factor of at least about 0.30, and more preferably will have a curl factor 
of at least about 0.50. 

[0108] These chemically stiffened cetlulosic fibers have certain properties that malce them particularly useful in certain 
absorbent members according to the present invention, relative to unstiffened cellulosic fibers. In addition to being 
hydrophilic, these stiffened fibers have unique combinations of stiffness and resiliency. This allows thermally bonded 
10 absorbent structures made with these fibers to maintain high levels of absorptivity, and to exhibit high levels of resiliency 
and an expansionary responsiveness to wetting. In particular, the resiliency of these stiffened fibers enables the ab- 
sorbent member to better maintain its capillary structure in the presence of both fluid and compressive forces normally 
encountered during use and are thus more resistant to collapse. 

15 3. Themnoplastic Materials 

[0109] In the case of thenmaliy bonded absorbent members according to the present Invention, the member can 
comprise thernioplastic material in addition to the fibers. Upon melting, at least a portion of this thenmoplastic material 
migrates to the Intersections of the fibers, typically due to Interflber capillary gradients. These Intersections become 

so bond sites for the thermoplastic material. When cooled, the thermoplastic materials at these intersections solidify to 
form the bond sites that hold the matrix or web of fibers together in each of the respective layers. 
' [0110] Amongst its various effects, bonding at these fiber intersections Increases the overall compressive modulus 
and strength of the resulting thermally bonded member. In the case of the chemically stiffened cellulosic fibers, the 
melting and migration of the thermoplastic material also has the effect of Increasing the average pore size of the 

2S ■ resultant web, while maintaining the density and basis weight of the web as originally formed. This can improve the 
fluid acquisition properties of the thermally bonded member upon initial discharges, due to improved fluid permeability, 
and upon subsequent discharges, due to the combined abili^ of the stiffened fibers to retain their stiffness upon wetting 
and the ability of the thermoplastic material to remain boncied at the fiber intersections upon wetting and upon wet 
compression. In net, thermally bonded webs of stiffened fibers retain their original overiall volume, but with the volumetric 

30 regions previously occupied by the thermoplastic material becorriing open to thus increase the average interflber cap- 
illary pore size. 

[01 1 1] Thermoplastic materials useful In the present invention can be in any of a variety of forms including particu- 
lates, fibers, or combinations of particulates and fibers. Thermoplastic fibers are a particularly prefenred form because 
of thelr.abllity to fomri numerous Interflber bond sites. Suitable thermoplastic materials can be made from any thermo- 

35 plastic polymer that can be melted at temperatures that will not extensively damage the fibers that comprise the primary 
web or matrix of each layer. Preferably, the melting point of this thermoplastic material will be less than about 1 90'C, 
and preferably between about ZS'^C and about 175'*C, In any event, the melting point of this thermoplastic material 
should be no lower than the temperature at which the thermally bonded absorbent structures, when used in absort^ent 
articles, are likely to be stored. The melting point of the thennoplastic material is typically no lower than about 50*C. 
[0112] The thermoplastic materials, and in particular the thermoplastic fibers, can be made from a variety of ther- 
moplastic polymers, including polyolefins such as polyethylene (e.g., PULPEX® ) and polypropylene, polyesters, co- 
polyesters, polyvinyl acetate, polyethylvinyl acetate, polyvinyl chloride, polyvinylidene chloride, polyacrylics, polya- 
mides, copolyamides, polystyrenes, polyurethanes and copolymers of any of the foregoing such as vinyl chlorideAfinyl . 
acetate, and the like. One preferred thennoplastic binder fiber is PLEXAFIL® polyethylene microfibers (made by Du- 

^5 Pont) that are also available as an about 20% blend with 80% cellulosb fibers sold underthe tradename KITTYHAWK® 
(made by Weyerhaeuser Co.) Depending upon the desired characteristics for the resulting thermally bonded absorbent 
member, suitable themnopiastic materials include hydrophobic fibers that have been made hydrophilic, such as sur- 
factant-treated or silica-treated thermoplastic fibers derived from, for example, polyolefins such as polyethylene or 
polypropylene, polyacrylics, polyamldes, polystyrenes, polyurethanes and the like. The surface of the hydrophobic 

50 therrfioplastic fiber can be rendered hydrophilic by treatment with a surfactant, such as a nonionic or anionic suriactant. 
e.g., by spraying the fiber with a surfactant, by dipping the fiber into a surfactant or by including the surfactant as part 
of the polymer melt in producing the tiiennoplastic fiber. Upon melting and resolidification, the surfactant will tend to 
remain at the surfaces of the thermoplastic fiber. Suitable. surfactants include nonionic surfactants such as Brij® 76 
manufactured by ICI Americas, Inc. of Wilmington. Delaware, and various surfactants sold under the Pegosperse® 

55 trademark by Glyco Chemical, Inc. of Greenwich, Connecticut. Besides nonionic surfactants, anionic surfactants can 
also be used. These surfactants can be applied to the thermoplastic fibers at levels of, for example, from about 0.2 to 
about 1 g. per sq. of centimeter of themnopiastic fiber 

[0113] Suitable thermoplastic fibers can be made from a single polymer (monocomponent fibers), or can be made 
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10 



IS 



20 



ZLT« PolymerCcg.. bicomponent fibers). As used herein, "bicomponent fibers" refers to thermoplastic 

dfffr«r.l^f ^"^ ""'^^^ ^"^^^^'^ « thenpoplastic sheath made from a 
X DSym^r ^Hl?,?^ '""'^^ « ^'^^^''^ '""-^^ temperature than the 

\ 5 «ho Th ^ S; ^ '^^^^ bicomponent fibers provide thermal bonding due to melting of the 

?^^**P°'i^«^-*''''e'«t^^i"3 the desirable strength characteris^^^ ^ ■ ^'""^ 

ociJml ^"'tablebicomponentfibers foruse in the present invention can include sheath/core fibers having the following 
poymer combinations: polyethylene/polypropylene, polyethylvinyl acetate/polypropylene. polyethylene/poZte? 

use herem are those having a polypropylene or polyester core, and a lower melting copolyester. polyethylvinyrac^tate 
orpo.yethylenesheath(e.g.,DANAKLON®.CELBONC)®orCHISSO®bicomponemfi^^^ 

rt^ickn?ss Than! ZT"""""- "T 'T'"' '^"^ "concentric- and "eccentric" refer to whether the sh Jath h« 
fibe™ J d^Ifr^H. ' ""T"' cr^ss-sectional area of the bicomponent fiber. Eccentrte bicomponent 

fTul herlt n k! >K "'^""""^ ""^r «'^«"9»' loWerfiberthicknesses. Suitable bicomponent fiber* 

l^^nsrarpr W^X""' ■ ' " '^'"^ " ^'^"'^^^ ^ predo'^inanT^vo- 

[0115] In the case of themioplastic fibers, their length can vary depending upon the particular melt point and other 
ronHl?«r, ' T^.^'' ^''^"""P'-"- ''-e a'ength ffom abo" Ts toTbout 7.5 c^ 

^2fr^ VJ ° * '° ^""^ ® ° ^""^ P^'«^«'"y '"^-^ ^''""t 0-6 to about 1 .2 cm tong 

properties. Kicluding melt point, of these thermoplastic fibers can also be adjusted by varying the diameter (caliper) o^ 

^nnl^L^fh f? ^""^"'^ bicomponent thermoplastic fibers can have a decrtex in the 

[0116] The compressive modulus of these themioplastic materials, and especially that of the themioplastfc fibere 

configuration of the fibers (e.g., concentric or eccentric, c imped or uncrimped). and like factors Dmerenc^in the 
compressive modulus of these themioplastic fibers can b^ used to alter the p^perties. and espSart^dTnlS 
charactenst^. of the respective absorbent members during preparation of the absorbem core. ^ 

4. Other Components and Materials 

o°rIIPn, in'?r'^"\'"TT »° the present Invention can include other optional components that can be 

prieseminabsorbemwebs.Forexampie.arBinfordng scrim can beposmonedwithln the abso*^^^ 
the respective absorbent memberB. of the absort,ent core. Such reinforcing scrims should be of such conHgu^fon^s 
to not foirn interfacia^ baniers to fluid bansfer, especially if positioned between the respective absorbent membe^ol 
S th?^^rh T- """" ''y'^"'8«W°""'"9 ^-ort'ent polymers are present in one or more absTr^em r^er^beS 

^rZ^!^'^,^ ^ rf *° ^''''^^"^ '^Sartiing loose particulate absorbent polyme; 

^^rn^^l^T"^ ■""♦^"^'^ *° ^"^^^'^^^ "'"t^i" matter's 

l™m ih«^ T ?! r '° "'^ P^^^^"' <=^ i"^'"''^ foam-based absorbents ^^le 

U.S. Patent 5,147,345 (Young etaO, Issued September 15. 1992. .iwoano 
C, Absorbent Members Contai ning Hydrooel-Pormlno Absorbent Polymers 
1. ConcenttBt lon, Basis Weight and Fluid Handiino Properties 

iTed hSr'oa\nrr^,^yih,fr?"'ir*^''^'^ ^"^'^'"9 '''^ P^«««"t imrention wfll comprise the previous^ de- 
mateSl 2 Thiln.?n^^^^ 

^thP Tio^ ^ ^ f";'*'* comprising these absorbent polymers can funcUon as fluid storage members 

dirl^H^ n f 7^^ P""'""'^ ^""^ ^"^B* "^"^f^ to absorb the discharged bocj fluid eShTr 

ri^Ler ^ cu^H^'T"'^ "r^"^ encountered as a result of the wearer's movements. It should be undeiS^ 
S^Ol A^mH^^!!:r°^'"'"' "^'^ ^^'^^ other than fluid storage. ' 

[0120] An important aspect of these absorbent members accoirling to the present invention is that thev contain ona 

thn, absorbem articles capable Of absorbing and retaining largequantnies of bo,Jfi7ds. it is desirable t^^^^^^ 
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level of these hydrogel-foiming absorbent polymers and to reduce the level of other components, in particular fibrous 
components. In order to utilize these hydrogeMorming absorbent polymers at relatively high concentrations, however, 
It is important that these polymers have a relatively high pemneablllty under pressure (i.e., SFC value) as well as a 
relatively high demand absorbency capacity urtder a relatively high confining pressure (i.e., PUP capacity value). This 
5 is so that the polymer, when swollen in the presence of body fluids, provides adequate capability to acquire these 
discharged body fluids and then transport these fluids through the gel-continuous fluid transportation zone or layer to 
other regions of the absorbent member and/or absorbent core, 

[0121] In measuring the concentration of hydrogel-forming absorbent polymer in a given region of an absorbent 
member, the percent by weight of the hydrogel-fonming polymer relative to the combined weight of hydrogel-fomiing 

10 polymer and any other components (e.g., fibers, thermoplastic material, etc.) that are present in the region containing 
the polymer is used. With this in mind, the concentration of the hydrogel-forming absorbent polymers in a given region 
of an absorbent member according to the present Invention can be in the range of from about 60 to 100%. preferably 
from about 70 to 1 00%, more preferably from about 80 to 100%, and most preferably from about 90% to 1 00%. 
[0122] Another important aspect is the basis weight of the hydrogel-forming absorbent polymer in a given region of 

IS the atxsorbent member. The gel pemneability and high demand at)sorbent capacity properties of this hydrogel-forming 
absorbent polymer become most impactful on the absorbency performance of the absorbent memljer and the absorbent - 
core at certain minimum basis weights of the polymer. In nteasuring the basis weight of the hydrogel-forming absorbent 
polymer In a given region of an absorbent member, the grams of polymer present per square meter (gsm) ot area of 
the region Is used. With this in mind, the basis weight of a hydrogel-forming absorbent polymer in a given region of an 

20 absorbent member according to the present invention Is at least about 1 0 gsm, preferably at least ak>out 20 gsm, more 
preferably at least about 50 gsm, and most preferably at least about 100 gsm. Typically, these basis weight values are 
in the range of from about 10 to about 1000 gsm, more typically from about 50 to about 800 gsm, and most typically 
• from about 1 00 to about 600 gsm. 

[0123] When a hydrogel-fomnlng absorbent polymer Is incorporated in an absorbent storage member at a sufficiently 

25 high concentration and basis weight, the swelling by body fluids under pressure brings the boundaries of the resultant 
hydrogel within a given region into contact (i.e., the hydrogel in the region becomes contiguous.) Within these expanded/ 
swollen high-concentration regions, the voids and capillaries are generally bounded by the hydrogel, thus tomiing a 
gel -continuous fluid transportation zone or layer. For these regions, it is believed the fluid permeability approaches that 
of a comparable hydrogel layer formed under pressure from the polymer alone. Moreover, the use of the previously 

30 described hydrogel-forming absorbent polymers having relatively high SFC values confers a higher permeability and 
thus good fluid acquisition and transport properties for these gel-contlnuous fluid transportation zones or layers. 

2. Wet Integrity of Absorbent Member and/or Absorbent Core 

35 [0124] During initial fluid acquisition, absort^ent core utilization occurs in the immediate vicinity of the gush. There 
are several pathways for utilizing the absorbent core beyond this initial fluid acquisition point. Fluid can move across 
the topsheet and enter the core over a larger area. This is not a desirable situation since this fluid is in contact with 
the skin and Is vulnerable to leakage from the absorbent article. Certain features of the absorbent article, e.g. banier 
leg cuffs, can help with the latter. Also, special fluid acquisition members have been used to move fluid below the 

40 topsheet prior to entry into the storage regions of the absorbent core. In spite of these measures to Inrprove fluid ■ 
handling perfomiance, there is still a need to gain as much lateral (i.e., X-Y dimension) fluid movement as possible in 
the storage regions ot the core, particularly as the absorbent cores become thinner and thinner. 
[0125] The potential improvements in lateral fluid movement offered by absorbent members comprising the relatively 
high permeability hydrogel-forming absorbent polymers described above requires a certain amount of physical conti- 

45 nulty in the hydrogel-containing region (i.e.. the gel-continuous fluid transportation zone or layer) for adequate fluid 
movement to take place through contiguous interstitial voids and capillaries. Realization of the benefits of these high 
permeability hydrogel-forming absoriaent polymers is facilitated by absorbent members and alssorbent cores designed 
to reduce or minimize the occurrence of dismptions In the gel-continuous fluid transportation zones or layers that are 
formed when the polymer is swollen by body fluids. Absorbent members and/or cores that provide such characteristics 

50 are referred to herein as having good wet Integrity. By "good wet integrity" is meant that the region or regions In the 
absorbent member having the high concentration of hydrogel-forming absorbent polymer have sufficient integrity in a 
dry, partially wet, and/or wetted state such that the physical continuity (and thus the capability of acquiring and trans- 
porting fluid through contiguous Interstitial voids/capillaries) of the gel-continuous fluid transportation zone or layer 
formed upon swelling of the hydrogel-forming absorbent polymer in the presence of body fluids is not substantially 

55 disrupted or altered, even when subjected to normal use conditions. 

[0126] During nonnal use, absortaent cores In absorbent articles are typically subjected to tensional and torsional 
forces of varying intensity and direction. These tensional and torsional forces include bunching in the crotch area, 
stretching and twisting forces as ttie person wearing the absorbent article walks, squats, bends,, and the like. If wet 
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-"^^^5^^^^^^^^^^^^^^^^ that interlock or 

can ateo be modeled to produce '"ff ^loctang, f.be^ ^J^Pat^n tSk 0^ (Lash et k Issued June 19, 1990. . 
othervyise add mtegrity to the absorbent member. the case of fibrous fornis. or by 

Also the hydrogel-formlng absorbent polymer ttself can be ■ '^^^^^ interlocldng. or othe^^be 

,wis..ng.cuWa-j-t,ngtheflber^n^h,oradW^^^ 

:r??4Tr:frirdr:h?r^^^^ 

U.S. Patent 5.147,956 (Allen et al), Issued September IS. 1992 
the^bso,bUtcaUavep™f*led"concentrat>onsofpolyn«rso^^^ 

and consequently minimize the disruptive .mpact of polyme swel .ng "P°" . October 21 . 1993. 

(Berg), issued September 10. 1991; U.S. application Senal No. 141 ,156 (Richards et ai), 

, ......^ ... r.„.nt. hvdmae..onnlnn ah^rt,ent PO'Y";^-^;-;;'^ TnTun^t^^ 

j,3ter£!i«cized.Theref«,«^ 

=.=sir.:gr.^^^^^ 

members of the absorbent core. 

d The use Of adhesive. These includemlcrofiberglues. resins the. maintain integrity When we,(e.g.,wet strength 
resins) and hot mett adhesives, e.g., elastic hot melt adheslves. 
- - -^^ >^in..e or mu.p. e .h.. - n.e com p on ents or .aye^ tt^ ma^tain i^^^ 

4,798,603 (Meyer, et. al), issued January. 1 7, 1 989. 

. ...tH.hvdroae..nm.nnahso,t.entpoWn^^ 

nv.,n .uc^comoonem. or layers (e.q.laminaSsg.T^es^^^^^^^ PP ^^^^^^.^^^^^ . 

For example, the layers of tissue can be misteq wth ^aler or ^ and stability such 
to tacldfy the polymer. Upon diylng. the f UpTn 1^ ng the m^^^^^^^^ exhibte wet integrity due 

that the polymer is not loose and cannot "^^^^^ can also be fom,ed such 
to the wet strength Of the tissue layers sunounehng^^^^^^ 

, that the polymer is contained or ^.'"^P^"'*"^'^!^^^^^^ region, thus providing ad- 

mannef to the layer or layers of tissue around he ^^^^^^^t I^t^rerwo\<L so formed. Alternatively. 
diUonal dry and wet integrity and preventing migration of .P""*^!;^^"^^ J^J^^^ jnto specific regions 

berger et al). issued September 22, 1 992. 
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D . Absorbent Cores 

[0128] Absorbent members according to the present invention comprising high concentrations of hydrogei-fonming 
absorbent polymers are useful alone or in combination with other absorbent members In a variety of absorbent cores. 
^ 5 These other absorbent members can include those useful for Initially acquiring the discharged body fluids before these 
fluids are distributed to the fluid storage member of the absorbent core. These include absorbent members that provide 
multiple fluid handling properties (e.g.. fluid acquisition and distribution) or single fluid handling properties (e.g:, fluid 
distribution) . These other absorbent members can also comprise lower concentrations of the hydrogel-f orming absorb- 

• ent polymers that have the physical properties previously specified (e.g. relatively, high SFC and PUP capacity values 
10 as described in B(1 )(b) above) or can comprise hydrogeMorming absorbent polymers having different physical prop- 
erties (e.g. lower SFC and/or PUP capacity values). 

[0129] One suitable absorbent core according to the present invention comprises: (1) an upper assembly having: 
(a) an acquisition layer substantially free of hydrogel-forming absorbent polymer; and (b) an absorbent polymer layer 
mainly comprising a first hydrogel-forming absorbent polymer that has an SFC value of at least about 4 x 1 Q-^cm^ec/ 
IS g, preferably at least about 6x1 0-^cm^sec/g, more preferably at least 9x10" ^cm^sec/g and most preferably at least 

• 15 X 10-7cm%ec/g and which is present In an amount of at least about 20 gsm; and (2) a lower assembly that includes: 
(a) an upper layer having void space for storage and redistribution of body fluids and (b) a lower layer that contains a 
high concentration of a second hydrogel-forming absorbent polymer having least the SFC and PUP capacity values 
described in B(1 )(b) above and wherein at least about 70% of the total amount of the second hydrogel-forming ab- 

£0 sorbent polymer that Is in the upper and lower layers is In the lower half of the combined thickness of the upper and 
lower layers. 

[01 30] One such absorbent core is shown in Figure 1 . Figure 1 shows a cross-section of an absorbent article indicated 
as 10 having a topsheet 12, a backsheet 16 and an absortaent core indicated by 20 positioned between topsheet 12 
and backsheet 1 6. As shown in this Figure, core 20 comprises an upper assembly 24 and a lower assembly 28. Upper 

25 assembly 24 comprises an upper acquisition/distribution layer 32, and a layer 40 comprising the first hydrogel-forming 
absorbent polymer separated from the acquisition layer 32 by a tissue layer 36 having two folds in the 2 direction. 
Lower assembly 28 comprises an upper fibrous layer 44, a lower layer 48 comprising the second hydrogel-fomrilng 
absorbent polymer, and a tissue layer 52. Layers 32 and 40 can be separate layers as shown in Figure 1 or can be 
merged into a single layer and serve as a storage and redistrtoution assembly. As is apparent from Figure 1 , it is not 

30 essential that the layers should be cd-extenslve. 

[0131] Acquisition layer 32 of upper assembly 24 is the upper effectwe layer of the absorbent core and is typically 
substantially free of hydrogel-forming absorbent polymer. If hydrogel-fomilng absorbent polymer is Included, the 
amount should be kept relatively low and is preferably substantially free of superabsorbent material, at least In the 
upper half layer 32, and generally throughout most or all of Its thickness. See U.S. Patent 6,217,445 (Young et al), 

35 issued June 8, 1 993, and U.S. application Serial No. 625.776 (Cook et al), filed December 17, 1990. which are Incor- 
porated by reference Layer 32 can be of foam or any other suitable porous or capillary material but is usually formed 
from fibrous material. The fibrous material can be any fibrous material that has a suitable resistance to load when wet, 
i.e. Is able to maintain satisfactory void volume under such conditions. Particularty preferred fibrous materials for layer 
32 are chemically stiffened fibers as described in B(2) above, typically in an amount of 50 to 1 00% by weight of layer 32. 
. 40 [0132] Layer 40 of upper assembly 24 can be integral with the lower part of layer 32 but preferably is a separate 
layer and can be separated from the layer 32 by a tissue or other component that acts as a containment barrier for the 
hydrogel-forming absort^ent polymer. It is important that layer 40 allow the body fluids acquired by layer 32 to pass 
rapidly therethrough and be distributed beyond layer 40. The amount of the first hydrogel-forming absorbent polymer 
In layer 40 should.be sufficient to provide a hydrogel layer when swollen by absorption of body fluids in use. This first 

45 hydrogel-fomitng absortsent polymer is usually in particulate fonri and is usually present in an amount of at least about 
20 gsm, more typically In an amount of at least about 50 gsm. Generally layer 40 should not be too thick; nomnally the 
amount of hydrogel-fomiing absorbent polymer is below about 320 gsm and more typically below about 200 gsm. 
[0133] Lower assembly 28 serves as the storage and redistribution component of core 20 and includes an upper, 
usually fibrous, layer and a layer of second hydrogel-forming absorbent polymer The upper layer 44 of lower assembly 

50 28 is generally fibrous but can be fomned from foam or other suitable capillary or porous material, and can be formed 
from the same or different materials as layer 32. 

[0134] Upper layer 44 can be substantially or completely free of hydrogel-forming absortjent polymer. However It Is 
often desirable for the upper and lower layers 44 and 48 to be formed to provide a fibrous matrix wherein more than 
half, and usually at least about 70%, of the hydrogel-fomning absorbent polymer in these layers is in the lower half 
55 thereof. For example, from about 70 to 100%, more typically from about 75 to about 90% of the second hydrogel- 
forming absorbent polymer is in the lower 50% of combined layers 44 and 48. There can be some, for example, up to 
about 30%, of the second hydrogel-fonming absorbent polymer in the upper halt of combined layers 44 and 48. 
[0135] The first hydrogel-forming absorbent polyiror, and sometimes also the second hydrogel-forming absorbent 
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polymer is provided as a layer that comprises predominantly the absorbent polymer. By "predominantly is meant that 
at least about 50%. and more typically at least about 70 or about 80% of layers 40 or4B are hydrogel-forming absorbent 
polymer These layers of hydrogel-fomiing absorbent polymer can be bonded to. or otherwise supported by a support 
X sheet The distribution within layers 40 or 48 can be unlfomi or can be varied, for example to provide a shaped design 

N 5 that can be striped or profiled within the layer. See. for example. U.S. Patent 4,935.022 (Lash et al). issued . 

[0136] Layers 40 or 48 can comprise hydrogel-forming absorbent polymer integrated with or dispersed within a sup- 
port sheet such as a cellulose-based tissue or other nonwoven material. The hydrogel-f orming absorbent polymer can 
be integrated with the support sheet by bonding or by mechanical means such as embossing or calendenng. Alterna- 
tively layers 40 or 48 can comprise substantially only of hydrogel-f orming absorbent polymers. 

io - [01371 Additional layers can be incorporated In the absorbent core 20 and, as mentioned above, tissue layers can 
be incorporated. For example, a tissue layer can be used to encapsulate the first hydrogel-f onning absorbent polymer 
and/or the second hydrogel-fomiing absorisent polymer. , wt. 

[0138] Another suitable absorbent core according to the present invention involves a multi-layer stmcture preferably 
comprising: (1) an acquisition layer; (2) a storage layer which absorbent layers comprise a high concentrationof hy- 

15 drogel-forming absorbent polymer having the physical properties specified above (including relatively high SFC and 
PUP capacity values) positioned subjacent the acquisition layer; and optionally a fluid pervious, fluid stable, intemie- 
diate integrity layer positioned between the acquisition layer and the storage layer. The acquisition layer and storage 
layer comprise at least some moisture (i.e.. fluid) Insensitive fibers such as crinnped synthetic fibers that increase the 
wet integrity of these two layers and fonri fluid stable bonds to other components of the absortaent core or absorbent 

20 article. See U.S. applications Serial No. 08/1 53,739 (Dragoo et al). filed November 1 6. 1 993. and U.S application Serial 
No 08/1 64 049 (Dragoo et al). filed December B, 1 993, which are incorporated by reference. 

[0139] The inclusion of the crimped synthetic fibers in the acquisition layer improves the integrity, acquisition rate, 
absorbent capacity, and the resilience of the acquisition layer. The crimped synthetic fibers provide both improved 
intra-layer Integrity and inter-layer integrity. This is due to the interiocking of the crimped synthetic fibers within the 
25 acquisition layer and the storage layer, and the availability of the crimped synthetic fibers on the surfaces of these 
layers for fomiing fluid stable bonds to the fluid stable components of the absorbent core . The absorbent core, thus, 
provides a plurality of layers comprising interiocking matrices of fluid stable fibers that are bonded by fluid stable bonds 
to adjacent fluid stable components. The absorbent core ^ also bonded by fluid stable bonds between the topsheet 
and backsheet of the absorbent article to prevent slumping of the hydrogel-fonning absorbent polymer between the 
30 topsheet and backsheet (In other wrords, slumping Inside the chassis of the absorbent article). 

[0140] One such multi-layer absorbent core is shown in Figure 2. Figure 2 shows a cross-section of an absorbent 
article indicated as 110 having a topsheet 112. a backsheet 116 and an absortDent core by 120 positioned between 
topsheet 112 and backsheet 116. As shown In this Figure . core 120 preferably comprises an acquisition/distribution 
layer facq uisltion layer-) 1 30, a storage core layer ("storage layer^ 1 32 preferably positioned subjacent the acquisition 
35 layer 1 30 and an intermediate fluid stable layer (or "integrity layer") 1 34 positioned between the acquisition layer 1 30 
and the storage layer 132, all of which are in fluid communication with each other. The acquisition layer 130 can be of 
any suitable size and need not extend the full length or width of the storage layer 132. TTie acquisition layer 130 can. 
for example be in the fdnn of a strip or patch. In the embodiment shown in Figure 2. the acquisition layer 130 is shown 
as a single patch (i.e.. web or sheet) of nonwoven material. It should be understood, however, that the acquisition layer 
40 130 need not be a single sheet * ♦ 

[0141] >n addition, in other embodiments, rather than being a separate layer that is located on top of the storage 
layer 1 32. the acquisition layer i 30 can be an integral layer (or component) that comprises the top layer of a laminated 
storage layer 1 32 In this regard, it should also be understood that the multiple layer absortaent core 1 20 can be used 
as the entire core or it can be used as one or more layers in a layered core construction. The multiple layer absorbent 
45 core 120 can also be constructed without the acquisition layer 130. 

[0142] The overall acquisition layer 130 is preferably hydrophllic, but can have hydrophobic components. The ac- 
quisition layer 130 can comprise a woven material, a nonwoven material, or any other suitable type of material. Pref- 
erably the acquisition layer 130 comprises a nonwoven material. When the acquisition layer 1 30 comprises a nonwoven 
material It can be made by a number of different processes. These include, but are not limited to wet laid, air- laid. 
50 meltblovlrn, spunbonded. carded (the latter Including, thermally bonded, through-air bonded, powder bonded, latex 
bonded solvent bonded, or spunlaced). The latter processes (e.g., spunbonding and carding) can be preferred if it 
desired to orient the fibers in the acquisition layer because it is easier to orient the fibers in a single direction in such 
processes. 

[0143] In one preferred embodiment, acquisition layer 130 comprises at least some fibers that form fluid stable bonds. 
55 The term "fluid stable bonds", as used herein, refers to bonds that are not affected by the presence of body fluids. 
Preferred fibers for forming fluid stable bonds are synthetic fibers, with crimped synthetic fibers being especially pre- 
ferred for providing the acquisition layer 130 with softness and resiliency. Crimped synthetic fibers are also preferred 
because they can interiodc to provide this acquisition layer 1 30 with increased integrity. The acquisition layer 1 30 shown 
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in Figure 2 preferably comprises a biend of crimped synthetic fibers and either natural fibers or cross-linked cellulosic 
fibers. 

[01 44] In one preferred ennbodinnent, the acquisition layer 1 30 comprises a blended layer comprising a homogeneous 
air-laid mi)cture of about 20% crimped hydrophobic polyethylene terephthalate (PET) fibers and about 80% of either 
5 airfelt or chemically stiffed cellulosic fibers. The PET fibers preferably have a denier per fiber of about 40, an uncrimped 
length of about 0.5 inch (about 1 .3 cm), a crimp frequency of about 6 crimps per lineal inch (2.54 cm), and a crimp 
angle of about 88*. 

[0145] While the prefen-ed material for the crimped fibers in this embodiment is PET, alternative embodiments can 
be any non-water absorbing material that has a wet stiffness similar to PET Other suitable materials for use as the 

10 crimped fibers include, but are not limited to polypropylene, nylon, polyethylene, and bicomponent fibers. In addition, 
the denier of the fibers preferably ranges from about 1 1/2 or 2 dpf to about 30 dpf. The uncrimped length of the fibers 
preferably ranges from about 0.25 inch (about 0.6 cm) to about 2 inches (about 5 cm). The crimp frequency is preferably 
between about 5 and about 1 5 crimps per lineal inch. The crimp angle preferably ranges from about 60*" to about 1 00**. 
The amount of crimped fibers in the acquisition layer can range from about 5% to about 90%, and to be practical for 

IS use in disposable absorbent articles from a cost standpoint preferably ranges from about 1 0% to about 50%, and most 
prefeiBbly about 20% to about 40%. 

[0146] Acquisition layer 130 can be substantially undensffied during the process of nr^nufacturfng the diaper. In 
alternative embodinr^ts, the acquisition layer 130 can be denslfied by compressing It to densities ranging up to as 
high as about 4.B g/cubic inch (about 0.3 Q/ctvP), or more. 

•20 [0147] Further variations can be desirable when the acquisition layer 130 is used in certain types of absortsent articles. 
In one embodiment that is preferred when the absorbent article comprises a sanitary napkin, the acquisition layer 130 
preferably comprises a spunlace nonwoven web comprised of permanently wettable fibers. Preferably, the acquisition 
layer 130 is a 30 g/yard^ (35 g/m2) PET spunlace nonwoven web. Spunlaced fabrics of this type are manufactured by 
the Veratec Company of Walpole, Massachusetts. The spunlace nonwoven web is f omried in such a way that most of 

^ the fibers are oriented in a single direction, such as the longitudinal direction, for preferential wicking. The fibers of tiiis 
preferred acquisition layer 1 30 material are made of a PET resin and are coated with a proprietary pemnanently wettable 
finish known as CELWET. These fibers are obtained from thk Hoechst Celanese Corporation of Chariotte, North Caro- 
lina. 

[01 48] An optional intermediate fluid stable layer 1 34 is preferably located between the acquisition layer 1 30 and the 
30 Storage layer 1 32. Layer 1 34 serves two main purposes: (1 ) as a supporting substrate for the adjacent acquisition layer 
130 and the storage layer 132 and; and (2) a structure to which fluid stable bonds can be formed with the synthetic 
fibers in the acquisition layer 130 and storage layer 132. Layer 134 preferably retains a high degree of Its integrity 
when wet, should not interfere with fluid movement from the acquisition layer 130 Into the storage layer 132, and is 
also preferably flexible so that the flexibility of the absorbent article Is substantially unaffected by the presence of the 
^ fluid stable layer 134. In one preferred embodiment, layer 134 is a spunbonded polyester nonwoven web. 

[0149] A commercially available spunbonded polyester nonwoven web suitable for use as fluid stable layer 134 is a 
material known as REEMAY® 2055 sold by Reemay, Incorporated of Old Hickory, TN. This material has a basis weight 
of about 0.55 oz./yd^ (about 18.6 g/m^) and is comprised of 4 denier per fiber tri-lobal cross-sectionally shaped fibers. 
The REEMAY web is similar to the material that is used in BOUNCE® dryer sheets manufactured by The Procter & 
^ Gamble Company of Cincinnati, Ohio under U.S. Patents 4,073,996, 4,237,1 55, and 5,094,781 , A key factor In selecting 
the polyester nonwoven web is its perviousness. The REEMAY web also contains inter-fiber spaces that are of sufficient 
size to permit some of the fibers in the acquisition layer 1 30 to penetrate into the storage layer 1 32 and some of the 
fibers in the storage layer 132 to penetrate into the acquisition layer 1 30. 

[0150] In altemative embodiments, layer 134 can be comprised of other non-water absorbing materials that are 
similar to polyester. Examples of suitable materials for use as layer 134 include, but are not limited to polypropylene, 
nylon, and polyethylene. In addition, In other embodiments instead of using synthetic materials, layer 134 can comprise 
a high wet strength, low stretch (I.e., low exterisibllity), tissue provided In a stnjcture In which the bonds between the 
high wet strength tissue and the adjacent acquisition layer 130 and storage layer 132 remain strong when wet 
[0151] In altemative embodiments, a high wet strength adhesive can be used with any of the other types of fluid 

so stable layers 134, Including but not limited to the REEMAY® material. In addition, in other altemative embodiments, 
layer 134 can be a nonwoven material made by another suitable process. In still other embodiments, layer 134 can be 
some type of material other than a nonwoven. For example, layer 134 can comprise a scrim or a net 
[0152] Further, the location of the fluid stable layer 1 34 within the absorbent core can vary In different embodiments. 
Layer 1 34 is preferably positioned between the acquisition layer 1 30 and the storage layer 1 32. In other embodiments, 

ss however, layer 134 can be positioned adjacent other faces of the components of the multi-layer absorbent core 120. 
Further, if the comporients of the multi-layer absorbent core 1 20 such as the acquisition layer and storage layer comprise 
. more than one layer, the fluid stable layer 134 can be positioned between the layers comprising such components. In • 
still other altemative embodiments, layer 134 can comprise more than one layer. In this case, the additional layers 
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could be inserted between any of the components of the absorbent article. 

[0153] in still other alternative embodiments, fluid stable layer 134 can be eliminated, in which case the synthetic 
fibers in the acquisition layer 130 and storage layer 132 can be bonded directly to each other. In these latter embodi- 
ments, the moisture insensitive fibers in the acquisition layer 130 will be bonded to other moisture insensitive fibers, 
N 5 the synthetic fibers In the storage layer 132. * ' 

[0154] The storage layer 132 is preferably positioned between the acquisition layer 130 and the backsheel of the 
absorbent article. Storage layer 132 provides the means for absorbing and containing body fluids and is generally at 
least slightly resilientiy compressible (but preferably not collapsible), conformable, and non-irritating to the user's skin. 
This storage layer 132 can be referred to as a "blended*' layer. Storage layer 132 comprises a web or batt of fibers, 
10 preferably in the fomi of a homogeneous blend of fibers. Blended storage layer 1 32 is comprised of at least two groups 
(or types) of fibers. These inciude a first group (or type) of fibers and a second group (or type) of fibers. The first group 
of fibers comprises low denier, relatively short, hydrophilic fibers. The second group of fibers comprises from about 
5%. preferably at least about 1 0 or20%. to about 90% of the fibers in the storage layer, of higher denier, longer, moisture 
insensitive synthetic fibers. (The percentage of fibers in storage layer 1 32 refers to the relative weight of the fibers only. 
IS and does not include the weight of any hydrogel-forming absorbent polymer.) The blend ratio of the two groups of fibers 
. can be varied to produce the particular properties desired for dIfTerent types of absorbent articles. These components 
and properties of the storage layer 132 are discussed in greater detail below. 

[01551 The fibers In the first group of fibers can have various lengths and deniers provided that these properties of 
the fibers are less than those of the fibers tn the second group of fibers. The fibers in the first group of fibers preferably 
£0 have a length of less than or equal to about 1/2 inch (about 1 .3 cm), more preferably less than or equal to about 1/4 
inch (about 0.6 cm). The fibers in the first group of fibers preferably have a denier per fiber (or per filament) of less 
than or equal to about 15, more preferably less than or equal to about 10. and most preferably less than or equal to 
about 2. 

[0156] The first group of fibers can comprise natural fibers such as cotton or cellulose. The cellulose fibers can be 
25 In the form of comminuted wood pulp fibers known as airfelt. The first group of fibers can alternatively or additionally 
comprise synthetic fibers, including but not limited to, PET. polypropylene, polyethylene, rayon, chemical thennal me- 
chanical pulp (or -CTMP- or TM P"), ground wood, or cross-linked cellulose fibers. The fibers in the first group of fibers 
are either inherently hydrophilic. or can be rendered hydrbphiiic by treating them in any of the manners described 
previously. 

30 [0157J Performance is improved by selecting a relatively stiff fiber that maintains a substantial portion ot Its com- 
pression resistance when wetted tor the fibers in the first group. (That is, the fibers should have a high compressive 
modulus.) Preferably, the fibers selected are both compression resistant under wet and dry conditions, and are wet 
and dry resilient (i.e., they tend to both resist compression and to spring back when compressed). Chemically stiffened 
fibers are especially preferred for these criteria. 

35 [0158] The fibers in the second group of fibers are generally longer than the fibers in the first group of fibers. The 
fibers in the second group of fibers should also be of high compressive modulus and should maintain a relatively high 
modulus when wetted. The fibers in the second group of fibers should also preferably be wet and dry resilient. Suitable 
fibers for inclusion in the second group of fibers include, but are not limited to synthetic fibers comprised of any of those 
materials specified above as being suitable for use as the fibers of the acquisition layer 130. (Fiber lengths, denier. 

40 etc. can be the same, but are not necessarily the same. For example, the synthetic fibers in the acquisition layer can 
have one denier (e.g., a denier of about 15) for aiding in the acquisition of fluids and for greater resiliency, and the 
synthetic fibers in the storage layer can have a lower denier, such as about 2. Some preferred fiber lengths, etc. for 
the synthetic fibers in the storage layer are described below.) 

[0159] Preferably, the fibers in the second group of fibers have an uncrimped length of greater than or equal to about 
45' 1/4 Inch (about 0.6 cm) long, more preferably greater than or equal to about 1/2 inch (about 1 .3 cm). The denier of the 
fibers In the second group of fibers is preferably greater than the denier of the fibers in the first group of fibers. The 
fibers in the second group of fibers preferably have a denier per fiber of between about 1 1/2 or 2 and about 50 or BO, 
and more preferably between about 6 and about 40. More preferably still, the denier of the fibers in the second group 
of fibers is between about 1 2 or 1 5 and about 30, and most preferably is between about 1 2 and about 25. 
so [0160] The fibers in the second group of fibers are fluid Insensitive. That is, the fibers in the second group of fibers 
are not substantially affected by the presence of moisture (and, thus, will not coflapse when wetted). These fibers may. 
however, transport fluids along their surfaces. The fibers in the second group may be hydrophilte. hydrophobte. or 
partially hydrophilic and partially hydrophobic. The fibers in the second group of fibers preferably have at least some 
hydrophilic component (which may be a cellulosic component). The fibers in the second group of fibers can be provided 
55 with a hydrophilic component in a number of suitable ways. These include, but are not limited to coating or treating the 
fibers to render them, or at least their surfaces, hydrophilic. , 

[0161] One suitable type of synthetic fibers for use In the second group of fibers is crimped polyester fibers. Suitable 
synthetic fibers are those fonnerty available from Eastman Kodak Textile RbersDwision KIngsport, TN astiie KODEL® 
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200 and 400 Series PET fibers. One suitable type of synthetic binder fiber Is the KODEL® 41 0 fiber A suitable polyester 
fiber Is the KODEL® 431 fiber. These KODEL<8) fibers have a denier of 15 per filament and a length of about 0.5 inch 
(about 1 .3 cm) and are preferably crimped at a crimping frequency of between about 5 and 8, preferably about 6, more 
preferably 6.3 crimps per jinear Inch (I.e., per 2.5 cm). The fibers are preferably crimped at a crimping angle of between 
s about 70* to about 91 *, more preferably about 68" . Crimping provides the fibers with improved resilience, among other 
desired properties. The ftt^ers may be coated with a.hydrophilic or hydrophobic finish by any suitable method known 
In the art. • ^ 

[01 82] In alternative embodiments, it Is possible to replace the natural fibers in the first group of fibers with very short, 
low denier, synthetic fibers (with hydrophilic surfaces). The blended storage layer 132 in such embodiments would 
10 consist of short, low denier, hydrophilic first group of synthetic fibers (such as polyester fibers with a CELWET® finish) 
and long, high denier second group of crimped synthetic fibers. 

[0163] The blended storage layer 132 also contains hydrogel-forming absorbent polymer in amounts as previously 
set forth in C(1 ) above. The blended storage layer 132 is also preferably compressed to a density of at least about 1 .5 
g/cubic inch (about 0.09 g/cm^). The blended layer 132 can be compressed to densities at least as high as about 4.0 

IS g/cubic inch (about 0.25 g/cm^) to improve fluid wicking (that is, distribution of fluids to other parts of the storage layer) 
while still maintaining good softness and flexibility. The blended storage layer 132 can be compressed to densities up 
to as high as about 5.6 g/in^ to about 6.4 g/in^ (about 0.35 g/cm^ to about 0.40 g/cm^). These higher density cores 
can become rather stiff, however. Therefore, if storage layer 132 is compressed to densities of about 0.35 g/cm^ to 
about 0.40 g/cm^, it is preferably mechanically flexed or otherwise manipulated to make It more flexible before it is 

so placed in use. (For simplicity, the density values specified above do not include the weight of any particles of hydrogeN 
forming absorbent polymer. The overall density of the storage layer, thus, will be greatly affected t>y the eimount of 
hydrogel-forming absorbent polymer in the storage layer, making it impractical to attempt to express an all-inclusive 
overall range of density for the storage layer.). 

[0164] The three components of the preferred multiple layer absorbent core 120, the acquisition layer 130, fluid 

^ stable layer 1 34, and storage layer 1 32, are preferably held together by adhesrves applied between the adjacent faces 
of the components. The bonds between the components of the multiple layer absorbent core 120 are particularly shown 
in Figure 2. The body-facing side of the acquisition layer 11^0 is adhered to the underside (or garment-facing side) of 
thetopsheet 112 by adhesive 166. The garment-facing side of the acquisition layer 130 is bonded to the body-facing 
side of the fluid stable layer 134 by adhesive 167. The garment-facing side of the fluid stable layer 134 is, in tum, 

30 bonded to the body-facing side of the storage layer 132 by adhesive 168. The multiple layer absorbent core 120 Is 
also preferably adhered between the topsheet 112 and backsheet 116 by adhesh^es shown as layers 166 and 169. 
These adhesives are applied between the multiple layer absorbent core 120 and the respective Inwardly facing surface 
(or gamient-faclng side) thetopsheet 112 (as described above) and the body-facing side of the backsheet 116. 
[0165] The adhesives are shown schematbally as layers in Figure 2 for simplicity. The adhesh^es, however, need 

35 not be applied only in the form of layers. The adhesrves can be applied in any of the manners described with relation 
to the adhesives used to bond the acquisition layer to the topsheet (e.g., spirals, etc.). In addition, other types of 
attachment means can be used. The components of the multiple layer absorbent core can be adhered together by any . 
of the attachment mearis that are described above with relation to adhering the acquisition layer to the topsheet. it 
should also be understood that the various different layers of the multiple layer absorbent core need not all be attached 

^ by the same type of attachment means. The layers of the multiple layer absorbent core can be attached to each other 
by different attachment means and/or if adhesives are used, different types of adhesive applications/patterns can be 
used between layers. In the preferred embodiment shown in Fig. 2, the layers of the multiple layer absorbent core are 
preferably held together by an open pattern network of adhesive filaments comprising several lines of adhesive fila- 
ments swiried into a spiral pattern. 

45 [0166] The crimped synthetic fibers in acquisition layer 1 30 and storage layer 132 serve an important role in the wet 
Integrity of the components of the multi-layer absorbent core 1 20. The crimped synthetic fibers In the acquisition layer 
1 30 and storage layer 1 32 should preferably be long enough to form at least portions of the surfaces of these respective 
components. The synthetic fibers will typically be long enough to form at least a portion of the surface of a ghren layer 
If they have lengths that range from lengths that are equal to the thickness of the layer that they comprise up to lengths 

so that are greater than or equal to 50% more than the thickness of the layer they comprise. 

[0167] The synthetic fibers (or portions thereof) that form part of the surface of the acquisition layer and the storage 
layer are available to be bonded with adhesives to the adjacent layers. Since the synthetic fbers are moisture insen- . 
sitive, they will be able to form fluid stable bonds (not shown) to the topsheet 112. This will ensure that the bonds do 
not fail v^en the absorbent article 110 is wetted by bodily exudates. Ruid stable bonds will also be formed between 

ss the garment-facing surface of the acquisition layer 1 30 and the fluid stable layer 134 (or if there is no Intenmediate fluid 
stable layer, to the body^f acing surface of the storage layer 1 32). The crimped synthetic fibers will also fomn fluid stable 
bonds between the garment-facing surface of the fluid stable layer 134 and the body-facing surface of the storage 
layer 132. Fluid stable bonds will also be formed between the gamnent-facing surface of the storage layer 132 and the 
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body-facing surface of the backsheet 116. ... . ^ 

[0168] The topsheet. fluid stable layer, and backsheet are also fluid stable in that they generally resist stretching 
when wet and are able to serve as supporting substrates for the other layers such as the acquisition layer 1 30 and the 
storage layer 1 32. The acquisition layer 1 30 and the storage layer 1 32 are subject to stretching and being pulled apart 

5 under the forces associated with wearing and loading of absorbent article 1 1 0 with body fluids. The acquisition layer 
130 and storage layer 132. however, are bonded to these fluid stable layers at fixed fluid stable bond sites. The acqui- 
sition layer and storage layer are. thus, in effect, anchored to the topsheet. backsheet. and intermediate fluid stable 
layer In such a manner that the bonding ties these nonwoven layers to fluid stable layers. The acquisition layer and 
storage layer are, as a result, able to utilize the resistance to stretching of the adjacent substrates to resist intra-layer 

to separation (e.g.. failing by an elongation or strain-related failure mechanism) due to the forces associated vnth weanng 
of absorbent article 110 such as bending of the article, wearer activity, and loading of the article with body fluids. 
[01691 The construction of the multiple layer absorbent core described above, thus, provides an interlocking, com- 
pression resistant, fluid stable matrix of synthetic fibers and fluid stable components that are inter-connected and 
remain inter-connected during use. The multiple layer absorbent core 120 is. thus, resistant to both compression and 

IS to tensional forces (i.e. , strain-related forces) so that It maintains Its void volume and can stay In its pnor-to-use condition 
when wetted and under the loads associated with wearing the absorbent article. 

[0170] Another suitable absorbent core according to the present Invention Involves a primary core integrity layer, 
preferably fonned of a continuous mesh of meltblown material, that envelopes the core to provide improved core in- 
tegrity especially when wet. See U.S application Serial No. 08/097,534 (Ashton et al), filed July 26. 1993. v/hlch is 

20 incorporated by reference. The primary core integrity layer that is preferably joined to a chassis component of the 
absorbent article, preferably directly joined to the topsheet. The bond between the primary core integrity layer and ttie 
chassis component is preferably relatively cohesive and therefore tends to retain Its strength tn use such that the 
absorbent core has a reduced tendency to separate from the chassis component(s). In addition, the absorbent core 
components have a reduced tendency to slip away and/or separate from one another, particularly upon wetting. 

25 [0171] The absorbent core enveloped by the primary core integrity layer preferably comprises multiple absortjent 
layers (one of which absoibent layers comprises a high concentration of hydrogel-fomiing absortDent polymer having 
at least the SFC and PUP capacity values described in B(1^(b) above) with at least one secondary core integnty layer 
positioned between one or more of the absorbent layers. In a particulariy preferred embodiment, this absorbent core 
comprises an acquisition/distribution layer, a storage layer, and a tissue layer positioned between the acquisition/ 

30 distribution layer and the storage layer. TTie secondary core Integrity layer is preferably positioned between the acqui- 
sition/distribution layer and the tissue layer. . 
[0172] The primary and secondary core Integrity layers are preferably formed from a thermoplastic matenal. more 
preferably a hot-mett adhesive such that the core Integrity layers can be readily fomied on-line during construction of 
the absorbent article. More preferably, the core integrity layers are formed from a hot-melt, elastomeric adhesive. 

35 Elastomeric hot-melt adhesives tend to be flexible such that there is a reduced tendency for adhesive andfor cohesive 
failure of the bonds effecting joinder in the article (relative to non-elastomeric adhesives). fi^ a result, the absorbent 
core has an enhanced tendency to remain in place and to retain its integrity. Most preferably, the core integrity layers 
are formed from an elastomerfc. hot-melt, pressure-sensitive adhesive. The tack of the pressure-sensitive adhesive 
further reduces the tendency of absort)ent core components adjacent the primary or secondary core integnty layers 

40 to separate from other absortjent article components, and is particularly effective in reducing slippage/separation of 
the acquisition/distribution layer from the storage layer. 

[0173] One such absorbent core is shown in Figure 3. Figure 3 shows a cross-section of an absori^ent article indicated 
as 210 having a topsheet 212. a backsheet 216 and an absort)ent core indicated by 220 positioned between topsheet 
212 and backsheet 21 6. As shown in this Figure, core 220 is shown as comprising a storage layer 280 that comprises 

45 the high concentration of hydrogel-fonning absorbent polymer, tissue layer 270, and acquisition/distribution layer 250. 
As also shown in Figure 3, core 220 also has a primary core Integrity layer 230 and a secondary core Integnty layer 
240 The primary core integrity layer 230 is positioned between the backsheet 216 and the storage layer 280. The 
secondary core Integrity layer 240 is positioned between the acqulsition/distrtoution layer 250 and the tissue layer 270. 
As also shown In Figure 3. the primary core integrity layer 230 extends beyond and envelopes the side edges of 

50 acquisition/distribution layer 250; the side edges of tissue layer 270. the side edges of storage layer 280; and the 
garment facing surface of absortjent core 220. Figure 3 also shows construction adhesive layers 290, 292. 294, and 296. 
[0174] As shown in Figure 3. the secondary core integrity layer 240 is joined to the tissue layer 270 by construction 
adhesive layer 292. The secondary core integrity layer 240 is positioned adjacent the acquisition/distribution layer 250. 
Depending on the bond strength of the secondary core integrity layer 240 material to the acquisition/distribution layer 

55 250 the secondary core integrity layer 240 may be joined to the acquisition/distribution layer 250 by the hot-melt or 
pre^ure-sensit'ive properties of the prefen-ed secondary core integrity layer 240 material. As further shown in Figure 
3. the tissue layer 270 is Joined to the storage layer 280 by constnjction adhesive layer 294. The primary core integrity 
layer 230 is positioned adjacent the storage layer 280. Depending on the bond strength of the primary core Integrity 
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layer 230 material to the storage layer 280, the primary core integrity layer 230 can be joined to the storage layer 280 

by the hot-melt or pressure-sensitive properties of the preferred primary core integrity layer 230 material. 

[01 75] As further shown In Figure 3. the acquisition/distribution layer 250 is joined to the topsheet 21 2 by construction 

adhesive layer 290. The primary core integrity layer 230 is joined to the backsheet 21 6 by construction adhesive layer 

296, and to the topsheet 212 by the hot-melt or pressure-sensithre properties of the primary core integrity layer 230 

material. 

[0176] As shown in Rgure 3, construction adhesive layer 290 extends outside the side edges of the acquisition 
/distribution layer 250 and inside the side edges of tissue layer 270. Construction adhesive layer 290 can be wider 
than the tissue layer 270 so as to effect joinder of the primary core integrity layer 230 to the topsheet 212. However, 
for economic reasons a separate application of a construction adhesive will usually be made to effect such joinder. 
Constnjction adhesive layer 292 Is shown in Figure 3 to extend In the same manner as construction adhesive layer 
290. Construction adhesive layer 294 extends inside the side edges of the storage layer 280, and for economic reasons 
preferably extends a maximum lateral distance of up to about the narrowest width of the storage layer 280 in the crotch 
region of the absorbent core. As shown In Rgure 3, construction adhesive layer 296 extends inside the side edges of 
the primary core integrity layer 230. Construction adhesh/e layer 296 can alternatively extend outside the side edges 
of primary core Integrity layer 230 In order to effect joinder of backsheet 116 to the topsheet 212. In a prefen-ed em- 
bodiment, construction adhesive layers 290, 292, 294, and 296 are applied over the entire length (not shown) of at 
least one of the acquisition/distribution layer 250. tissue layer 270, storage layer 280, backsheet 21 6, or topsheet 21 2. 
[0177] The primary core Integrity layer 230 that preferably envelopes at least one layer of the absorbent core 220 
and which is Joined, preferably directly joined, to a chassis component (e.g., the topsheet 212 or backsheet 216) of 
the absorbent art'icle. The primary core integrity layer 230 tends to improve the integrity of the absorbent layers that it 
envelopes. Thus, In a preferred embodiment, the primary core integrity layer 230 envelopes each of the layers of the 
absoriDent core 220. The following description is therefore directed to a primary core Integrity layer that envelopes each 
of the layers of the absorbent core 220. It should be understood, however, that improvements In absorbent core Integrity 
can be obtained by using a configuration in which the primary core integrity layer envelopes only one or some of the 
absortDent layers of the absorbent core 220. For example, the integrity of an acquisition/distribution layer 250, and thus 
of the absorbent core 220 incorporating the same, can be lnri|)roved by enveloping only the acquisition/distribution layer 
250 with the primary core integrity layer 230. In addition, a primary core Integrity layer that does not envelope any of 
the absorbent core layers can be used to improve the absorbent core integrity. For example, the surface area dimen- 
sions of the primary core Integrity layer can be less than those of each absorbent core layer (the primary core Integrity 
iayerwouldthen be positioned and joined as described herein for a secondary core Integrity layer tfiat does not envelope 
any of the absortDent core layers). However, it is believed that enhanced absorbent core integrity Is achieved where 
the primary core integrity layer envelopes at least one absortsent core layer, such that this embodiment is preferred. 
[0178] By "enveloped," it is meant that primary core integrity layer 230 encloses or sun^unds at least a portion of 
the absori3ent core 220 (or layer thereof). In a preferred embodiment, the primary core integrity layer 230 envelopes 
at least a portion of the side edges of absorbent core 220 and at least one of the surfaces of the absorbent core. The 
primary core integrity layer 230 will typically envelope the side edges of one or more layers in the Y-Z- dimension. 
[0179] The primary core Integrity iayer 230 additionally serves to hold the absorbent core 220 In a relatively stable 
position, since the absortDent core will be physically constrained by the primary core integrity layer. It is also believed 
that primary core Integrity layer 230 helps to maintain the adhesive bonds that typically join the absort)ent core and 
chassis component of absorbent articles, e.g., where a construction adhesive Is used to join these components. The 
primary core integrity layer is particularly useful In maintaining the integrity of the adhesive bonds typrcally joining 
cellulosic fibers of absorbent core 220 to a polymeric chassis, more particulariy a chassis formed of or coated with a 
synthetic polymeric material (hereinafter "synthetic polymeric chassis"). 

[0180] Since the primary core integrity layer 230 forms a relatively strong bond and physically constrains absorbent 
core 220, the primary core Integrity layer tends to reduce the forces encountered by the relatively weak, cellulosic fiber- 
construction adhesive-polynneric chassis bonds such that these latterbonds have a reduced tendency toward t)reakage. 
Further, if the cellulosic fiber-construction adheslve-poiynneric chassis bonds do fall, the relatively strong primary core 
integrity layer-chassis bond tends to retain the absorbent core in a relath^ely stable position. Thus, the absorbent core 
has a reduced tendency to separate from the chassis component. This positive effect on adhesion can be particularly 
important when the absorbent article is wetted. When the cellulosic fibers and hydrogel-fomiing absorbent polymer 
that are Incorporated Into the absorbent core expand upon wetting, the. forces exerted by the expanding cellulosfc 
fibers and hydrogel-forming absorbent polymer tend to cause a loss of adhesion between the fibers, hydrogel-forming 
absorbent polymer, and chassis (adhesive failure tends to occur between the fibers and/or hydrogel-forming absortDent 
polymer and the construction adhesive, rather than the chassis and construction adhesive). 

[01 81] By effectively constraining the absorbent core, the primary core integrity layer 230 also reduces the tendency 
of the other layers in absorbent core 220 to slip away and/or separate from one another. This tendency toward slippage 
and/or separation is further reduced where the primary core integrity layer comprises a tacky, pressure-sensitive ma- 



27 



BP 0 752 892 B1 



acteristics and reduced leakage ^„,„riseB a continuous, fluid pervious mesh of themioplastic material. 
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occur via the pressure-sensitive properties of the adhesive afterthe adhesive has solidified. Various hot-mett. pressure- 
sensitive adheshres are known in the art and are suitable for use herein. 

[0189] Preferred hot-melt, pressure-sensitive adhesives are also elastomeric. Etastomeric, hot-melt, pressure-sen- 
sitive adhesives are disclosed in the above referenced and incorporated U.S. Patent 4,731,066, and include those 
5 materials based on thermoplastic block copolymers, polyacrylates, and ethylene vinyl acetate. Suitable elastomeric, 
hot-mett, pressure-sensitive adhesives include the A-B-A block copolymer based adhesives that are specified as H- 
2085 and H-2031 by Findley Adhesives, Inc., of Wauwatosa, Wl. 

[01 90] The primary core Integrity layer 230 can be f omned using a meltblown fiber process. Meltblown fiber processes 
and equipment are generally known In the art. In general, the thermoplastic material is heated to and held at a tem- 

10 perature sufficient to allow meltblown processing, typically at least until the material is in a liquid or molten state (melt/ 
liquefaction temperature). (In general, the selection of any given temperature in the meltblown process is limited by 
the degradation temperature of the particular thermoplastic material being processed.) The molten/liquefied materia) 
is extruded underpressure (gun pressure) through orifices in a meltblown glue gun. Upon extrusion, the molten/liquid 
material is subjected to air flowing under pressure (air pressure) which fiberizes the material (strands are fonned). The 

IS meltblown glue gun and air are heated to a desired gun temperature and air temperature, respectively, In order to. 
facilitate strand formation. During and/or after strand formation, the themnoplastlc material cools to form stabilized 
strands of the themioplastic material. The apparatus Is configured such that the strands are laid onto a desired sub- 
strate. 

[0191] The meltblown process parameters are preferably selected to provide a mesh having a certain strand orien* 
^ tatlon and denier. These parameters include the melt/Ilquefaction temperature, gun temperature, air pressure, and air 
temperature. In a preferred ennbodiment. these parameters are varied to enable the fonnation of sinuous (wavy) strands 
which are oriented in substantially the same direction with some crosswise linking to fomi an intertwining web of the 
strands. In addition, It Is generally desired to form relatively large denier strands, since the degree of wetting of the 
thermoplastic material to the absorbent core and thus the degree of improvement in absorbent core integrity tends to 
55 increase with increasing strand denier. The strands preferably have a denier of at least about 60 microns, preferably 
from about 80 microns to about 200 microns, more preferably about 90 to about 200 microns, most preferably about 
1 00 to about 200 microns. ^ 

[0192] In general, as the viscosity of the thermoplastic material being meltblown decreases, strand formation more 
readily occurs, with the resultant strands tending to have a finer denier. The viscosity also Influences the strand orien- 
30 tation, the orientation tending to become more random with decreasing viscosity. The viscosity for a given material 
typically decreases with an increasing melt/liquefactlon temperature and particularly with increasing gun tennperature. 
Therefore, the melt/liquefaction and gun tennperatures are selected to provide a viscosity that enables strand formation 
.as desired. 

[0193] The melt/liquefaction temperature is typically from about 121 *C (250*'F) to about 204°C (400*^), preferably 
55 about 149"C (300"F) to about 190»C (SyS'F). The adhesives designated H-2031 and H-20B5 are typically held at a . 
temperature of from about 135*C (275'F) to about 204»C (400*F), preferably about 149^0 <300*F) to about 177*C 
(350'^F), more preferably about 1 65**C (330'f^. 

[0194] The gun temperature is typically at or above the melt/liquefaction temperature, preferably above the latter 
temperature in order to facilitate strand fonnation. The gun temperature is typically from about 149°C (300°F) to about 

40 204*C (400'^F), preferably about 163**C (325"F) to about 1 90°C (SrS'^F), more preferably about 1B2"C (360"F). 

[0195] The air pressure influences both strand orientation and denier. For a given material and set of process tem- 
peratures (particulariy gun and air temperatures), as the air pressure increases the strands tend to fomi in a more 
random orientation and with a finer denier. The air pressure is preferably at least high enough to form strands of molten/ 
liquefied thermoplastic material which touch and thus are able to interconnect while the thermoplastic material is in a 

45 sufficiently molten/liquid state, as described below. In a preferred embodiment, the air pressure is selected to enable 
the formation of sinuous strands in substantially the sanne direction with sonrve crosswise linking to form an Intertwining 
web of strands. Thus, It is preferred that the air pressure is not so high as to cause the formation of strands in random 
orientation. Typically, the air pressure is from about 4 psi to about 15 psi. preferably about 6 to about 10 psi, more 
preferably at>out 7 to about 9 psi, most preferably about 6 psi. 

so [0196] The air temperature will generally be selected so as to maintain the extruded thermoplastic material in the 
molten/liquefied state. Thus, the air temperature will usually be greater than or equal to the gun temperature in order 
to offset any cooling effects that might othenvise occur. Preferably, the air temperature Is sufficient to integrity layer 
230 is directly joined to a chassis component, preferably the topsheet 212. The primary core integrity layer can be 
joined to a chassis component by a construction adhesive. Alternatively, the primary core integrity layer can be joined 

55 to a chassis component by the hot-mett or pressure-sensitive properties of the themioplastic material of the primary 
cone integrity layer, where such materials are used. 

[0197] In a preferred embodiment, the primary core integrity layer 230 is directly joined to the chassis component 
by a construction adhesive. Suitable construction adhesives include any of the adhesive materials such as are known 
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in the art of bonding absorbent cores to chassis components, including those described herein in reference to joining 
the backsheet 21 6 and the absorbent core 220. The construction adhesive can comprise any of the hot-melt adheslves 
described in reference to the thermoplastic materials for forming the primary core integrity layer. 
[0198] The construction adhesh/e can be applied to a given substrate (e.g., the primary core integrity layer, an ab- 
'\ 5 sori^ent core component, or a chassis component) by conventional methods such as described herein in reference to , 
joinder of the backsheet and absorbent core. Preferably, the construction adhesive is applied in an open pattern of 
construction adhesive. As used herein, "open pattern of construction adhesive" means that the construction adhesive 
is present on a substrate in a pattern that allows for relatively unimpeded fluid transport into and/or through the ab- 
sort^ent core. Suitable open pattems and methods of making the same are disclosed in the U.S. Patents. 4,573.986; 

10 3,911,173; 4,785,996; and 4,842,666. 

[0199] Thus, the open pattern of construction adheswe may comprise a fine pattern of globulettes of constaiction 
adhesive or reticulated networics of filaments of constniction adhesive, including spiral and/or bead pattems. The glob- 
ulettes and filaments may have diameters about equal in order of magnitude to the effective average diameter of the 
fibers that constitute the absorbent core 220. The constnjction adhesive may also be applied by a meltblown process, 

15 including the process described for making the primary core integrity layer. 

[0200] In a pref emed enr»bodlment, the absorbent core 220 comprises a secondary core integrity layer 240, positioned 
between various absorbent layers, preferably webs or batts, of the absorisentcore. (As should be understood by those 
of ordinary skill in the art, such absorbent layers can, like the alasorbent core, have a garment facing surface, body 
facing surface, side edges, and end edges.) The secondary core Integrity layer 240 in prefen-ed absorbent articles 210 

£0 will thus be positioned between the primary core integrity layer 230 and the chassis component to whksh the primary 
core integrity layer is joined. (However, where the primary core integrity layer envelopes only a ensure the intercon- 
nection of the individual strands of thermoplastic material on the substrate (although the extruded material need not 
be in the same melt/liquefaction state as when first extruded, it is preferably sufTiciently molten/liquefied to enable 
interconnection of the strands). Typically, the air temperature is from about 204'C (400*F) to about 238*C (460°F), 

25 preferably from about 21 5*C (420»F) to about 227'C (440*F), more preferably about 221 **C (430'*F). Upon cooling to 
a temperature suffcient to resolidify the thermoplastic material, the resultant mesh of interconnected strands is stabi- 
lized. ^ 

[0201 1 The thermoplastic material is applied to the substrate (e.g., an absorbent core component) so as to not inter- 
fere substantially with absorption of the absoriaent core. Thus, the basis weight of the mesh of thermoplastic material 
30 Is typically from about 2 to about 8 grams/square meter (g/m^), preferably about 3 to about 7.g/m2, more preferably 
about 4 to about 6 g/m^, most preferably about 5 g/m^. 

[0202] The particular meltblown equipment used herein Is typically selected according to the width of the absortjent 
cor;e (or absorbent core component) which is to be enveloped. In general, the equipment Is selected which will provide, 
in one step, a width of mesh of thermoplastic material that is sufficient to envelope the absorbent core. (Where a primary 

35 core integrity layer or secondary core integrity layer as described herein is not intended to envelope at least a portion 
of the side edges of an absorbent core component, the meltblown glue gun is selected to provide a mesh width that 
is smaller than the width of the absorbent core component). For the absorbent articles herein, a 2 module, 3.0" width 
meltblown glue gun designated AMBI-3.0-2 and a 4 module, 6" width meltblown glue gun designated AMBl-6,0-4. each 
available from J and M Laboratories of Dawsonville, GA, are suitable for use. 

40 [0203] The primary core integrity layer 230 is preferably formed by the meltblown process in a continuous process 
(on-line) during manufacture of the absorbent article. Alternatively, the primary core integrity layer can be formed by 
the above meltblown process or by conventional methods in an intermediate process for later incorporation into the 
absorbent article. Thus, the primary core integrity layer may be a prefomned, non-woven, fluid pervious web comprising 
strands of thermoplastic material. However, since the use of preformed non-wovens tends to add to the ultimate cost 

45 of the absorbent article, this atterhatrve is not preferred. 

[0204] As described above, the primary core integrity layer 230 is preferBbly positioned such that it envelopes the 
absorbent core 220. The primary core integrity layer is also joined to at least one of the chassis components (e.g., the 
topsheet 212 and backsheet 216) of absorbent article 21 0. In a prefen-ed ennbodlment, the primary core portion of the 
220 absorbent core layers, a secondary core integrity layer 240 can be positioned between absort>ent core layers that 

50 are not enveloped by the primary core integrity layer.) The secondary core Integrity layer 240 comprises a continuous 
mesh of thermoplastte material, as defined in reference to the primary core integrity layer. The secondary core integrity 
layer 240 is joined to a chassis component and can be directly joined thereto, e.g., where the secondary core integrity 
layer envelopes the absorbent core layers positioned between the secondary core integrity layer and the chassis. 
[0205] The secondary core integrity layer 240 may or may not envelope one or more absorbent layers of absorbent 

55 core 220. As shown in Rgure 3, the lateral width of the secondary core integrity layer 240 is less than the lateral width 
of each of the various absorbent layers of the absorbent core, i.e.. lateral width of the secondary core integrity layer 
240 is less than the lateral widths of each of acquisition/distribution layer 250, tissue layer 270, and storage layer 280). 
Thus, the.secondary core Integrity layer 240 does not envelope the side edges of, respectively, the acquisitlon/distri- 
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button layer 250. the tissue layer 270. and the storage layer 280. 

[0206] The secondary core integrity layer 240 can alternatively envelope the absorbent layers as described for the 
primary core Integrity layer 230. The extent of enveloping can be the same or different from that of the primary core 
Integrity layer or any other secondary core integrity layer. Thus, the secondary core integrity layer 240 can envelope 
' 5 relatively different longitudinal portions of the side edges of an absorisent layer, and/or a different surface and/or relative 
portion of a surface of an absorbent layer. 

[0207] The secondary core integrity layer 240 can be formed of a thermoplastic material and by a process as de- 
scribed for the primary core Integrity layer. The secondary core integrity layer can be formed of the same thermoplastic 
material as the primary core Integrity layer 230 or from a different thermoplastic material. For ease of processing, the 

10 secondary core Integrity layer is preferably formed of the same thermoplastic material as is the primary core integrity 
layer. In addition, the secondary core integrity layer can be formed using process parameters that are the same or 
different from those used to form the primary core integrity layer. Preterabfy, the same process parameters are used 
such that the secondary core integrity layer has a basis weight, and the strands of themnoplastic material thereof have 
a denier and orientation, which are substantially the same as the primary core integrity layer. 

IS [0208] The secondary core integrity layer 240 can be joined to one or more absorbent core layers and/or a chassis 
component. Joinder can occur using a construction adhesive and/or by the hot-melt and/or pressure-sensitive prop- 
erties of the secondary core Integrity layer material, as described for Joinder of the primary core integrity layer to a 
chassis component. 

[0209] The absoriaent article 21 0 shown in Figure 3 can be formed in the following manner. A secondary core Integrity 

20 layer 240 is formed on the gamnent facing surface of acquisition/distribution layer 250. The secondary core Integrity 
layer 240 is joined to tissue layer 270 by constnjction adhesive layer 292 that is preferably applied to the body facing 
surface of tissue layer 270. The garment facing surface of ti.ssue layer 270 is then joined to storage layer 280 by 
construction adhesive layer 294 that is preferably applied to the gamient facing surface of tissue layer 270. The resultant 
laminate is then joined to the topsheet 212 by construction adhesive layer 290, which Joins the acquisition/distribution 

^5 layer 250 to topsheet 212, The primary core integrity layer 230 is fonmed on the garment facing surface of storage 
layer 280, a portion of the garment facing surface of tissue layer 270 (correspond irig to the differential lateral distance 
between side edges of the storage layer 280 and the sidej edges of tissue layer 270), and a portion of the garment 
facing surface of topsheet 112 (corresponding to the differential lateral distance between the side edges of tissue layer 
270 and the side edges of the primary cone integrity layer 230). The backsheet 21 6 is then Joined to the primary core 

30 integrity layer 230 by construction adhesive layer 296 and to the topsheet 212 by a construction adhesive (hot shown). 
[0210] Other suitable absorbent core according to the present invention can be In the fonn of a layer of hydrogel- 
forming absorbent polymer. contained between two other fibrous layers, e.g., a laminated absorbent core. Suitable 
laminated absorbent cores according to the present invention can be prepared using procedures similar to those de- 
scribed In U.S. Patent 4,260,443 (Undsay et al); U.S. Patent 4.467,012 (Pedersen et al), Issued August 21 . 1984; U. 

35 s. Patent 4.715,918 (Lang), issued December 29, 1987; U.S. Patent 4,851 .069 (Packard et al). issued July 25, 1989; 
U.S. Patent 4.950,264 (Osbom). issued August 21, 1990; U.S. Patent 4,994,037 (Bernardin), issued February 19, 
1991 ; U.S. Patent 5,009,650 (Bernardin), issued April 23, 1991; U.S. Patent 5,009,653 (Osbom). Issued April 23. 1991 ; 
U.S. Patent 5,128,082 (Makout). July 7. 1992; U.S. Patent 5,149,335 (Kellenberger et al), issued September 22, 1992; 
and U.S. Patent 5,176,668 (Bernardin), issued January 5, 1993 but using hydrogel-fonming absorbent polymer having 

40 least the SFC and PUP capacity values described in B(1)(b) above. 

[021 1] Other suitable laminated absorbent cores acconding to the present invention involving themially bonded layers 
are disclosed. 

[021 2] These thermally bonded absorbent cores comprise: (1 ) a primary thermally bonded fluid distribution layer; (2) 
optionally, but preferably a secondary fluid distribution layer in fluid communfcation with, and being capable of acquiring 

45 aqueous body fluids from, the primary distribution layer; (3) a fluid storage layer In fluid communication with either the 
prinnary or secondary fluid distribution layer that comprises a high concentration of hydrogel-fomning absorbent polymer • 
having at least the SFC and PUP capacity values described in 8(1 )(b) above; and (4) optionally a "dusting" layer 
adjacent the storage layer. These absorbent cores are typically used in conjunction with a thermally bonded acquisition 
layer (referred to as a "secondary topsheet"). 

50 [0213] An embodiment of these thermally bonded absorbent cores is shown in Rgure 4. Figure 4 shows a cross- 
section of an absorbent article particulariy suitable as a calamenial indicated as 310 having a fluid pervious primary 
topsheet 312, a fluid impervious backsheet 316 and an absorbent structure positioned between topsheet 312 and 
backsheet 31 6 comprising fluid acquisition layer 31 4 commonly referred to as a "secondary topsheef and an absorbent 
core indicated by 320. As shown in this Rgure, absortDent core 320 is shown in Figure 4 as comprising three compo- 

55 nents: a fluid distribution layer 324. a fluid storage layer 326 and fibrous "dusting" layer 328. In forming this absorbent 
core, the "dusting" layer 328 provides the initial layer upon which the hydrogel-forming absorbent polymer of the storage 
' layer 326 is deposited. The distribution layer 324 is then positioned over the deposited hydrogel-forming absorbent 
material thus forming a lEiminate-type structure. Although it is possible to join dusting layer 328 and distribution layer 
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TnoAA\ An atternative embodiment of this them^aiiy oonae indicated as 410 having a topsheet 412. a 

backsheet416 andan absorbent core indicated as 420 P°s*o"ea cew J" . ^ 434. a secondaiy fluid 

fn Sure 5, absorbent core 420 comprises four ^^^^I^^^^Xb J<s^i,. the -dusting" layer 42B pccvides 
distnbutionlayer 430, a fluid storage layer 426 and «^™f J^'"^ Xrase layer 426. The secondary and pnmary 
Tpoint L LposHing ^He hydro^Mo-.n^^^^^^^ a lamlnate^e 

Seentopsheet512andbacksheet51BcorT,pns,ng«^^^^ 

embodiment6howninFigure5.absorbontcore520of R^^^^ and fibrous "dusting" layer528. . 

teyer 524. a secondary fluid distribuBon layer 530, a fluid storage teye^ ^ meltblown syrithetc 

T^et other suitable absorbent cores according P"^!^^"^;^^^^ „bers. and the like), such as disclosed 
S«s and oof orrr mixtures (i.e.. mixtures °' ^l^^^^ ^2 which is IncorporHted by reference. For 

ntTs Patent 5.149.335 (Kellenberger et al), issued ^^'^""^Z^^Z^ having at least the SFC and PUP 

ext^Dle T^fonned web containing 75% ^'y''^°9«W°""'7^^^°**^.Ko^^^^^ 

TaS-'u- described in B(1 )(b) -f^^J^j-.^'^^^^^^^^^^ on one surface w.h a layer 

HYDROFIU® LCFX copolyrner fibers can be ormed. The rn^^ 

0U^YDROFIL®mem>lownweb(seeE^^^^ 

is then placed between two layers of bilobal P°'yP"'Py'^"^„^P„"°° ^ .u^ periphery of the absorbent structure. 
5 49 335) with the spunbonded material being heat f ^^'^^^^^"""'^^^^rttel^^^^^^^^ absorbent polymer 

titri iso*ent Jores containing alayer °^ l^^^^^^l^^^'tZo Z be formed according to the 
;»v,ina at least the SFC and PUP capacity values described in BP) o) a absorbent articles. 

J ^dut d'^bed in U.S. patent '^•^■^'^ 'j;^^;^:^^^^^^ can be assembled to 

L or more separately formed layers « ^^^Xer^^^e,^^^^^ P°^"^-^ P^^'^'^ ""^r 
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E. Absoroem ^ruuicg 

Becauseo,theuni.eabsorbentpropenieso^^^^ 

:Sit 0; in proximity to the body of t^.^-^ after a single use (l.e tbe 

IriHHtenalh/ "dISDOsable" absorbent articles are those which are . ^tored or reused as an absorbent 

tissues, paper towels, and the like. h_„pn,ious baclcsheet, a fluid pervious topsheet Joined to 

JSl91-Seseabso*er« articles typk«iy«-TP™^^^^ positioned. 

or otherwise associated with the backsheet. and an f ""/l^.^^gnt t^ 

bererthebacksheetandthetopsheetjhetop^^^^^ 

The topsheet is preferably joinedtolheabsorbentcore^^^^ 

known'in the an. As used and conf igurations whereby the elemem « 

to the other element by affixing the ^^^'"^^'^^T^l^' imemiediate member(s) which in turn are affixed to 
"directly secured to the other elemem by aJ^B ti^^ 

reSCt--;Cto4rrb^^^ 

absorbent core by the attachment means. 
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[0220] The backsheet is typically impervious to body fluids and is preferably manufactured from a thin plastic film, 
although otherflexlble fluid Impervious materials may also be used. As used herein, the term "Tlexible* refers to materials 
that are compliant and will readily confonn to the general shape and contours of the human body. The backsheet 
prevents body fluids absorbed and contained in the absorbent core from wetting articles that contact the such as pants, 
pajamas, undergarments, and the like. The backsheet can comprise a woven or nonwoven material, polymeric films 
such as thermoplastic films of polyethylene or polypropylene, or composite materials such as a film-coated nonwoven 
material. Preferably, the backsheet is a polyethylene film having a thickness of from about 0.012 mm (0.5 mil) to' about 

0. 051 mm (2.0 mils). Exemplary polyethylene films are manufactured by Clopay Corporation of Cincinnati, Ohio, under 
the designation P1B-0401 and by Ethyl Corporation, Visqueen Division, of Terre Haute. Indiana, under the designation 
XP-393B5. The backsheet Is preferably embossed and/or matte finished to provide a more clothlike appearance. Fur- 
ther, the backsheet can permit vapors to escape from the absorbent core (i.e., breathable) while still preventing body 
fluids from passing through the backsheet. 

[0221] The topsheet is compliant, soft feeling, and non-Irritating to the wearer's skin. Further, the topsheet is fluid 
pervious permitting body fluids to readily penetrate through its thickness. A suitable topsheet can be manufactured 
from a wide range of materials such as woven and nonwoven materials; polymeric materials such as apertured formed 
thermoplastic films, apertured plastic films, and hydroformed thermoplastk: films; porous foams; reticulated foams; 
retbulated thermoplastk: films; and thermoplastic scrims. Suitable woven and nonwoven materials can be comprised 
of natural fibers (e.g., wood or cotton fibers), synthetk: fibers (e.g., polymeric fibers such as polyester, polypropylene, 
or polyethylene fibers) or from a combination of natural and synthetic fibers. 

[0222] Preferred topsheets for use In absorisent articles of the present invention are selected from high loft nonwoven 
topsheets and aperture formed film topsheets. Apertured formed films are especially preferred for the topsheet because 
they are pervious to body fluids and yet non-absorbent and have a reduced tendency to allow fluids to pass back 
through and rewet the wearer's skin. Thus, the surface of the formed film that is in contact with the body remains dry, 
thereby reducing body soiling and creating a more comfortable feel for the wearer. Suitable formed films are described 
in U.S. Patent 3.929,135 (Thompson), issued December 30, 1976; U.S. Patent 4,324,246 (Mullane, etal.), issued April 
13, 1982; U.S. Patent 4,342,314 (Radel. etal.), issued August 3, 1982: U.S. Patent 4.463,045 (Ahretal.), Issued July 
31 , 1 984; and U.S. 5,006,394 (Baird), issued April 9, 1 991 . Rarticulariy preferred microapertured fonmed film topsheets 
are disclosed in U.S. Patent 4,609,51 8 (Cun-o et al), issue^ September 2, 1986 and U.S. Patent 4,629,643 (Curro et 
al), issued December 16, 1986. The preferred topsheet for use. in catamenial products of the present invention Is the 
formed film described In one or more of the above patents and mariceted on sanitary napkins by The Procter & Gamble 
Company of Cincinnati; Ohio as "DRI-WEAVE® 

[0223] The body surface of the formed film topsheet can be hydrophlllc so as to help body fluids to transfer through 
the topsheet faster than if the body surface was not hydrophlllc so as to diminish the likelihood that fluid will flow off 
the topsheet rather than flowing Into and being absorbed by the absorbent structure, in a preferred embodinnent, sur- 
factant is incorporated into the polymeric materials of the fonned film topsheet is described. Alternatively, the body 
surface of the topsheet can be made hydrophilic by treating it with a suriactant such as is described in the above 
referenced U.S. 4,950,254. 

F. Test Methods 

1. Saline Flow Conductivity (SFC) 

[0224] This test determines the Saline Flow Conductivity (SFC) of the gel layer fomried from hydrogel-fomning ab- 
sorbent polymer that is swollen in Jayco synthetic urine under a confining pressure. The objecthfe of this test is to 
assess the ability of the hydrogel layer formed from a hydrogel-fomriing absorbent polymer to acquire and distribute . 
body fluids when the polymer is present at high concentrations In an absoriaent menrtber and exposed to usage me- 
chanical pressures. Darc/s law and steady-state flow methods are used for detemnlning saline flow conductivity. (See, 
for example, "Absorbency," ed. by P. K. Chatterjee, Elsevier, 1985, Pages 42-43 and "Chemical Engineering Vol. II, 
Third Edition, J. M. Coulson and J. F. Richardson, Pergamon Press, 1978, Pages 125-127.) 

[0225] The hydrogel layer used for SFC measurements is fonned by swelling a hydrogel-fonning absorbent polymer 
in Jayco synthetic urine for a time period of 60 minutes. The hydrogel layer is formed and its flow conductivity measured 
under a mechanical confining pressure of 0.3 psi (about 2 kPa). Flow conductivity is measured using a 0.1 1 8 M NaCI 
solution. For a hydrogel-forming absorbent polymer whose uptake of Jayco synthetic urine versus time has substantially 
leveled off, this concentration of NaCI has been found to maintain the thickness of the hydrogel layer substantially 
constant during the measurement. For some hydrogel-forming absorbent polymers, small changes in hydro gel-layer 
thickness can occur as a result of polymer swelling, polymer desweliing, and/or changes in hydrogel-layer porosity. A 
constant hydrostatic pressure of 4920 dyne/cm^ (5 cm of 0.11 8M NaCI) is used for the measurement. 
[0226] Flow rate is determined by measuring the quantity of solution flowing through the hydrogel layer as a function 
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of time Flow rate can vary over the duration of the measurement. Reasons for flow-rate variation include changes in 
the thickness of the hydrogei layer and changes In the viscosity of interstitial fluid, as the fluid Initially present In Interstitial 
voids (which, for example, can contain dissolved extractable polymer) is replaced with NaCI solution. If flow, rate is 
time dependent, then the initial flow rate, typically obtained by extrapolating the measured flow rates to zero time, is 

5 used to calculate flow conductivity. The saline flow conductivity is calculated from the initial flow rate, dimensions of 
the hydrogei layer, and hydrostatic pressure. For systems where the flow rate is substantiatly constant, a hydrogei- - 
layer permeability coefficient can be calculated from the saline flow conductivity and the viscosity of the NaCl solution. 
[0227] A suitable apparatus 610 for this test is shown in Figure 7. This apparatus includes a constant hydrostatic 
head reservoir indicated generally as 61 2 that sits on a laboratory jack indicated generally as 61 4. Reservoir 51 2 has 

10 lid 616 with a stoppered vent indicated by 618 so that additional fluid can be added to reservoir 612. An openended 
tube 620 is inserted through lid 616 to allow air to enter reservoir 612 for the purpose of delivering fluid at a constant 
hydrostatic pressure. The bottom end of tube 620 is positioned so as to maintain fluid in cylinder 634 at a height of 5.0 
cm above the bottom of hydrogei layer 668 (see Figure 8). 

[0228] Reservoir 61 2 is provided with a generally L-shaped delivery tube 622 having an Inlet 622a thai is below the 
IS surface of the fluid in the reservoir. The delivery of fluid by tube 522 is controlled by stopcock 626. Tube 622 delivers 
fluid from reservoir 612 to a piston/cylinder assembly generally Indicated as 628. Beneath assembly 628 is a support 
screen (not shown) and a collection reservoir 630 that sits on a laboratory balance 632. 

[0229] Referring to Figure 7. assembly 628 basically consists of a cylinder 634, a piston generally Indicated as 536 
and a cover 637 provided with holes for piston 636 and delivery tube 622. As shown In Rgure 7, the outlet 622b of 

20 tube 622 is positioned below the bottom end of tube 620 and thus will also be below the surface of the fluid (not shown) 
in cylinder 634. As shown in Figure B, piston 636 consists of a generally cylindrical LEXAN® shaft 538 having a con- 
centric cylindrical hole 640 bored down the longitudinal axis of the shaft. Both ends of shaft 638 are machined to provide 
ends 642 and 646. A weight indicated as 648 rests on end 642 and has a cylindrical hole 648a bored through the center 
thereof. . 

25 [0230] Inserted on the other end 646 is a generally circular Teflon piston head 650 having an annular recess B52 in 
the bottom thereof. Piston head 650 is sized so as to slidabty move inside cylinder 634. As particularly shown in Figure 
9, piston head 650 is provided with four concentric rings oj twenty-four cylindrical holes each indicated generally as 
654. 656, 658, and 660. As can be seen In Figure 9, concentric rings 654 to 660 fit within the area defined by recess 
652! The holes in each of these concentric rings are bored from the top to. bottom of piston head 650. The holes in 

30 each ring are spaced by approximately 1 5 degrees and offset by approximately 7,5 degrees from the holes in adjacent 
rings. The holes in each ring have a progressively smaller diameter going inwardly from ring 654 (0.204 inch diameter) 
to ring 660 (0.111 Inch diameter). Piston head 650 also has cylindrical hole 662 bored in the center thereof to receive 
: end 646 of shaft 638. ^ * ^, ^ 

[0231 ] As shown in Figure 8, a fritted circular glass disc 664 fits within recess 652. Attached to bottom end of cylinder 

35 634 is a No. 400 mesh stainless steel cloth screen 666 that is biaxially stretched to tautness prior to attachment. The 
sample of hydrogel-forming absorbent polymer indicated as 668 is supported on screen 665. 

[0232] Cylinder 634 is bored from a transparent LEXAfsJ® rod or equivalent and has an inner diameter of 6.00 cm 
(area = 28.27 cm^), a wall thickness of approximately 0.5 cm, and a height of approximately 6.0 cm. Piston head 550 
is machined from a solid Teflon rod. It has a height of 0.625 inches and a diameter that is slightly less than the inner 

40 diameter of cylinder 634, so that it fits within the cylinder with minimum wall clearances, but still slides freely. Recess 
652 is approximately 56 mm in diameter by 4 mm deep. Hole 662 in the center of the piston head 650 has a threaded 
0.625 'inch opening (1 8 threads/inch) for end 646 of shaft 638. Fritted disc 664 is chosen for high penneability (e.g., 
Chemglass Cat No. CG-201-40, 60 mm diameter; X-Coarse Porosity) and is ground so that it fits snugly within recess 
652 of piston head 650. with the bottom of the disc being flush with the bottom of the piston head. Shaft 638 is machined 

45 from a LEXAN® rod and has an outer diameter of 0.875 inches and an inner diameter of 0.250 inches. End 646 is 
approximately 0.5 Inches long and Is threaded to match hole 662 In piston head 650. End 642 is approximately an Inch 
long and 0.623 inches In diameter, forming an annular shoulder to support the stainless steel weight 548. Fluid passing 
through the hole 640 In shaft 638 can directly access the fritted disc 664. The annular stainless steel weight 548 has 
an inner diameter of 0.625 Inches, so that It slips onto end 642 of shatt 638 and rests on the annular shoulder fonmed 

50 therein. The combined weight of fritted glass disc 654, piston 636 and weight 648 equals 596 g, which corresporids to 
a pressure of 0.3 psi for an area of 28.27 cnri2. Cover 637 is machinedf rom LEXAN® or its equivalent and is dimensioned 
to cover the top of cylinder 634. It has an 0.877 inch opening in the center thereof for shaft 638 of piston 636 and a 
second opening near the edge thereof for delivery tube 622. 

[0233] The cylinder 634 rests on a 16 mesh rigid stainless steel support screen (not shown) or equivalent. This 
55 support screen is sufficiently permeable so as to not impede fluid flow into the collection reservoir 630. The support 
screen is generally used to support cylinder 634 when the flow rate of saline solution through assembly 628 is greater 
than about 0.02 g/sec. For flow rates less than about 0.02 g/sec. it is preferable that there be a continuous fluid path 
between cylinder 634 and the collection reservoir. This can be accomplished by replacing the support screen , collection 
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reservoir 630, and analytical balance 632 with analytical balance 71 6. reservoir 712. fritted funnel 71 8. and the respec- 
tive connecting tubes and valves of apparatus 710 (see Figure 10), and positioning cylinder 634 on the fritted disc In 
fritted funnel 718. 

[0234] Jayco synthetic urine used in this method Is prepared by dissolving a mixture of 2.0 g KCL, 2.0 g NasSO^, 
0,85 g NH4H2PO4, 0.1 6 g (NH4)2HP04. 0.1 9 g CaClg, and 0.23 g MgClg to i .0 liters with distilled water. The salt mixture 
can be purchased from Endovations, Reading, Pa (cat No. JA-001 31 -000-01). 

[0235] The 0.11 B M NaCI solution is prepared by dissolving 6.896 g NaC! (Baker Analyzed Reagent or equivalent) 
to 1 .0 liters with distilled water. 

[0236] An analytical balance 632 accurate to 0.01 g (e.g., Mettier PM4000 or equivalent) is typically used to measure 
the quantity of fluid flowing through the hydrogel layer 668 when the flow rate is about 0.02 g/sec or greater. A more 
accurate balance (e.g., Mettler AE200 or equivalent) can be needed for less permeable hydrogel layers having lower 
flow rates. The balance is preferably interfaced to a computer for monitoring fluid quantity versus time. 
[0237] The thickness of hydrogel layer 668 in cylinder 634 is measured to an accuracy of about 0.1 mm. Any method 
having the requisite accuracy can be used, as long as the weights are not removed and the hydrogel layer is not 
additionally compressed or disturbed during the measurement. Using a caliper gauge (e.g., Manostat 15-1 00-500 or 
equivalent) to measure the vertical distance beitween the bottom of the stainless steel weight 648 and the top of cover 
637, relative to this distance with no hydrogel layer 668 In cylinder 634 Is acceptable. Also acceptable Is the use of a 
depth gauge (e.g., Ono Sokki EG-225 or equivalent) to measure the position of piston 636 or stainless steel weight 
648 relative to any fixed surface, compared to Its position with no hydrogel layer in cylinder 634. 
[0238] The SFC measurement Is performed at ambient temperature (i.e., 20"-25**C) and is can-led out as follows: 

0.9 gm aliquot of hydrogel-fomiing absorbent polymer (corresponding to a basis weight of 0.032 gm/cm^) is added 
to cylinder 634 and distributed evenly on screen 666. For most hydrogel-forming absorbent polymers, moisture content 
is typically less than 5%. For these, the quantity of hydrogel-forming absorbent polymer to be added can be determined 
on a wet-weight (as is) basis. For hydrogel-forming absorbent polymers having a moisture content greater than about 
5%, the added polymer weight should be corrected for moisture (i.e., the added polymer should be 0.9 g on a dry- 
weight basis). Care is taken to prevent hydrogel-forming absorbent polymer from adhering to the cylinder walls. Piston 
636 (minus weight 648) with disc 664 positioned in recessj652 of piston head 650 is inserted into cylinder 634 and 
positioned on top of the dry hydrogel-fonming absorbent polymer 668. If necessary, piston 636 can be turned gently to 
more-unifomrily distribute the hydrogel-forming absorbent polymer on screen 666. Cylinder 634 is the covered with 
cover 637 and weight 648 is then positioned on end 642 of shaft 638. 

[0239] A fritted disc (coarse or extra coarse) having a diameter greater than that of cylinder 634 is positioned in a * 
wide/shallow flat-bottomed container that is filled to the top of the fritted disc with Jayco synthetic urine. The piston/ 
cylinder assembly 628 is then positioned on top of this fritted glass disc. Ruid from the container passes through the 
fritted disc and Is absorbed by the hydrogel-forming absorbent polymer 668. As the polymer absorbs fluid, a hydrogel 
layer is fonmed in cylinder 634. After a time period of 60 minutes, the thickness of the hydrogel layer is determined. 
Care is taken that the hydrogel layer does not lose fluid or take in air during this procedure. 

[0240] The piston/cylinder assembly 628 is then transferred to apparatus 61 0. The support screen (not shown) and • 
any gap between it and the piston/cylinder assembly 628 is presaturatod with saline solution. If the fritted funnel 718 
of the PUP apparatus 71 0 is used to support cylinder 634, the surface of the fritted funnel should be minimally elevated 
relative to the height of the fluid in the collection reservoir, with valves between the fritted funnel and the collection 
reservoir being in the open position. (The fritted funnel elevation should be sufficient such that fluid passing through 
the hydrogel layer does not accumulate In the funnel.) 

[0241] The SFC measurement is initiated by adding NaCI solution through hole 640 in shaft 638 in order to expel air 
from piston head 650 and then turning stopcock 626 to an open position so that delh^ery tube 622 delivers fluid to 
cylinder 634 to a height of 5.0 cm above the bottom of hydrogel layer 668. Although the measurement Is considered 
to have been Initiated (tg) at the time NaCI solution is first added, the time at which a stable hydrostatic pressure, 
corresponding to 5.0 cm of saline solution, and a stable flow rate is attained (t^) is noted. (The time t^ should typically 
be about one minute or less.) The quantity of fluid passing through hydrogel layer 668 versus time is detenmlned 
gravimetrically tor a time period of 10 minutes. After the elapsed time, plston/cyllnder assembly 626 is removed and 
the thickness of hydrogel layer 668 Is measured. Generally the change in thickness of the hydrogel layer is less than 
about 10%. 

[0242] In general, flow rate need not be constant. The time-dependent flow rate through the system, F^{i) is deter- 
mined, in units of g/sec, by dividing the incremental weight of fluid passing through the system (in grams) by incremental 
time (in seconds). Only data collected fortiriies between t^ and 10 minutes is usedforflow rate calculations. Flow rate 
results between t^ and 1 0 minutes Is used to calculate a value for Fe(t=0), the initial flow rate through the hydrogel 
• layer. F5(t=0) is calculated by extrapolating the results of a least-squares fit of FJt) versus time to t=0. 
[0243] For a layer having a very high pemeability (e.g., a flow rate greater than — 2 g/sec), it may not be practical 
to collect fluid for the full 10 minute time period. For flow rates greater than ~ 2 g/sec. the time of collection can be 
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shortened in proportion to the flow rate. 

[0244] For some hydrogel-forming absorbent polymers having extremely low permeability, absorption of fluid by the 
hydrogel competes with transport of fluid through the hydrogel layer and either .there Is no flow of fluid through the 
X hydrogel layer and into the reservoir or, possibly, there is a net absorption of fluid out of the PUP reservoir. For these 

\ 5 extremely low permeability hydrogel layers, it is optional to extend the time for Jayco SynUrine absorption to longer 
periods (e.g., 16 hours). 

[0245] In a separate measurement, the flow rate through apparatus 610 and the piston/cylinder assembly 628 (FJ 
is measured as described above, except that no hydrogel layer is present. If F^ is much greater than the flow rate 
through the system when the hydrogel layer is present, F^, then no con-ection for the flow resistance of the SFC ap- 
10 paratus and the piston/cylinder assembly is necessary. In this limit, Fg = F^, where Fg is the contribution of the hydrogel 
layer to the flow rate of the system. However it this requirement is not satisfied, then the following con-ection is used 
to calculate the value of Fg from the values of F^ and f^: 

,5 Fg«(FaXF.y{F^.F,) 



[0246] The Saline Flow Conductivity (K) of the hydrogel layer is calculated using the following equation: 

20 . K = {Fg(t=0)xLo)/{pxAxAP). 

. where Fg{t=0) is the flow rate in g/sec determined from regression analysis of the flow rate results and any correction 
due to assembly/apparatus flow resistance, Is the Initial thidcness of the hydrogel layer in cm, p is the density of the 
NaCl solution in gm/cm^. A is the area of the hydrogel layer in cni^, A P is the hydrostatic pressure in dyne/crnS, and 
^ the saline flow conductivity, K, is in units of cm^ sec/gm. 

[0247] The average of three detemrilnatlons should be reported. 

[0248] For hydrogel layers where the flow rate Is substantially constant, a pemneabillty coefficient (K) can be calcu- 
lated from the saline flow conductivity using the following equation: 

30 

where is the viscosity of the NaCI solution In poise and the pemrieabHlty coefficient, k, is In units of cm^. 
[0249] The following is an example of how SFC is calculated according to the present invention: 
35 [0250] The measured value of F^ is 412 g/min = 6. 87 g/sec. For a single determination on the particulate hydrogel- 
forming polymer sample 3-5 (Example 3), the extrapolated value for Fs(l=0) is 33.9 g/min = 0.565 g/sec, with a very- 
low ratio of siope:intercept of 9 x 1 0-^ seci. Correcting for apparatus resistance: 

^ Fg = (6.B7 X 0,565) + (6.B7 - 0.665) = 0.61 6 g/sec 

Given a 0.118 M saline density of 1 .003 g/cm^ (CRC Handbook of Chemistry and Physics, 61st Edition) a hydrogel- 
layer thickness of 1 .1 34 cm, a hydrogel layer area of 28.27 cm^, and a hydrostatic pressure of 4920 dyne/cm^. 

K = (0.616 X 1 .134)/(1 .003 X 28.27 X 4920) r= 5.0 X lO'^cm^ sec/gm 

[0251] Considering the substantially constant flow rate and given a 0.118 M saline viscosity of 0.01 015 poise (CRC 
Handbook of Chemistry and Phystes,' 61st Edition): 

50 

K = K -q = (5.0 X 10'®)xO,01015=5.1 X 10*®cm^ 
2. Performance Under Pressure (PUP) Capacity 

55 

[0252] This test determines the 80 minute gram/gram absorption of synthetic urine for a hydrogel-forming absorbent 
polymer that is laterally confined in a piston/cylinder assembly under a confining pressure of 0.7 psi (about 5 kPa). The 
objective of the test Is to assess the ability of a hydrogei-forming absorbent polymer layer to absorb body fluids, over 
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a practical period of time, when the polymer is present at high basis weight and high concentrations in an absortent 
member and exposed to usage pressures. Usage pressures against which a hydrogel-forming polymer Is forced to 
. absorb urine against include mechanical pressures resulting from the weight and/or motions of the wearer, nnechanical 

pressures resulting from elastics and fastening systems, and the hydrostatic suction resulting from adjacent capillary 
5 (e.g.. fibrous) layers and/or stnjctures as they are drained of fluid. 

[0253] The lest fluid for the PUP capacity test is Jayco synthetic urine. This fluid is absorbed by the hydrogel-forming 
absorbent polymer under demand absorption conditions at near-zero hydrostatic pressure. 

[0254] A suitable apparatus 71 0 for this test is shown in Figure 1 0. At one end of this apparatus is a fluid reservoir 
712 (such asapetri dish) having a cover 71 4. Reservoir 712 rests on an analytical balance indicated generally as 716. 

10 ' The other end of apparatus 710 is a fritted funnel indicated generally as 71 B, a piston/cylinder assembly indicated 
generally as 720 that fits Inside funnel 718, and cylindrical plastic fritted funnel covisr indicated generally as 722 that 
fits over funnel 718 and is open at the bottom and closed at the top, the top having a pinhole. Apparatus 710 has a 
system for conveying fluid in either direction that consists of sections glass capillary tubing indicated as 724 and 731 a, 
flexible plastic tubing (e.g.. 1/4 inch l.d. and 3/8 Inch o.d. Tygon tubing) indicated as; 731b, stopcock assemblies 726 

IS and 738 and Teflon connectors 748, 750 and 752 to connect glass tubing 724 and 731 a and stopcock assemblies 726 
and 738. Stopcock assembly 726 consists of a 3-way valve 728. glass capillary tubing 730 and 734 In the main fluid 
system, and a section of glass capillary tubing 732 for replenishing resen^olr 712 and forward flushing the fritted disc 
in fritted funnel 718. Stopcock assembly 738 similarly consists of a 3-way valve 740, glass capillaiy tubing 742 and 
746 in the main fluid line, and a section of glass capillary tubing 744 that acts as a drain for the system. 

20 [0255] Referring to Rgure 11 , assembly 720 consists of a cylinder 754, a cup-like piston indicated by 756 and a 
weight 758 that fits inside piston 756. Attached to bottom end of cylinder 754 is a No. 400 mesh stainless steel doth . 
screen 759 that is biaxially stretched to tautness prior to attachment. Hydrogel-fonning absorbent polymej; Indicated 
~ generally as 760 rests on screen 759. Cylinder 754 is bored from a transparent LEXAN® rod (or equivalent) and has 
an inner diameter of 6.00 cm (area = 28.27 cm^), with a wall thickness of approximately 5 rrim and a height of approx- 

ss Imately 5 cm. The piston 756 is in the fomri of a Teflon cup and Is machined to fit into cylinder 764 within tight tolerances. 
Cylindrical stainless steel weight 758 is machined to fit snupty within piston 758 and is fitted with a handle on the top 
(not shown) for ease in removing. The combined weight oflpiston 756 and weight 758 is 1390 g, whteh con^sponds 
to a pressure of 0.7 psi for an area of 28.27 cm^. . 

[0256] The components of apparatus 71 0 are sized such that the flow rate of synthetic urine therethrough, under a 
30 1 0 cm hydrostatic head, is at least 0.01 g/cm^/sec; where the flow rate is normalized by the area of fritted funnel 71 6. 
Factors parttoularty Impactful on fiow rate are the pemneabillty of the fritted disc in fritted funnel 71 8 and the Inner 
diameters of glass tubing 724, 730, 734, 742. 746 and 731 a. and stopcock valves 728 and 740. 
[0257] Resen^olr 71 2 Is positioned on an analytical balance 71 6 that is accurate to at least 0.01 g with a drift of less 
than O.lg/hr. The balance is preferably interfaced to a computer with software than can (I) monitor balance weight 
35 change at pre-set time intervals from the initiation of the PUP test and (ii) be set to auto initiate on a weight change of 
0.01 -0,05 g, depending on balance sensitivity. Capillary tubing 724 entering the reservoir 712 should not contact either 
the bottom thereof or cover 714. The volume of fluid (not shown) in reservoir 712 should be sufficient such that air is 
not drawn into capillary tubing 724 during the measurement. The fluid level in reservoir 712, at the initiation of the 
measurement, should be approximately 2 mm below the top surface of fritted disc in fritted funnel 71 B. This can be 
io confimned by placing a small drop of fluid on the fritted disc and gravimetrically monitoring its stow flow back into 
reservoir 712. This ievel should not change significantly when piston/cylinder assembly 720 is positioned within funnel 
71 8. The reservoir should have a sufficiently large diameter (e.g.. --14 cm) so that withdrawal of -40 ml portions results 
in a change in the fluid height of less than 3 mm. 

[0258] Jayco synthette urine used in this test is prepared by dissolving a mixture of 2.0 g KOI, 2.0 g Na2SO4,0.85 g 
AS NH4H2PO4, 0,15 g (NH4)2HP04. 0.19 g CaCIa, and 0.23 g MgClg to 1.0 liters with distilled water. The salt mixture can 
be purchased from Endovatlons, Reading, Pa (cat no. JA-001 31 -000^1). 

[0259] Prior to measurement, the assembly is filled with synthetic urine. The fritted disc In fritted funnel 71 8 is forward 
. flushed so that it is filled with fresh synthette urine. To the extent possible, air bubbles are removed from the bottom 
surface of the fritted disc and the system that connects the funnel to the reservoir. The following procedures are carried 
so out by sequential operation of the 3-way stopcocks: 

1 . Excess fluid on the upper surface of the fritted disc is removed (e.g. poured) from fritted funnel 71 8. 

2. The solution height/weight of reservoir 712 is adjusted to the proper level/value. 
3.. Fritted funnel 718 is positioned at the con-ect height relative to reservoir 712. 

ss 4. Fritted funnel 71 8 is then covered with flitted funnel cover 722. 

5. The reservoir 712 and fritted funnel 718 are equilibrated with valves 728 and 740 of stopcock assemblies 726 
and 738 in the open connecting position. 

6. Valves 728 and 740 are then closed. 
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7. Valve 740 is then turned so that the funnel is open to the drain tube 744. 

8. The system is allowed to equilibrate in this position for 5 minutes. 

9. Valve 740 is then returned to Its closed position. 

X 

> s [0260] Steps Nos. 7-9 temporarily "dry" the surface of fritted funnel 71 8 by exposing it to a small hydrostatic suction 
of —5 cm. This suction is applied If the open end of lube 744 extends ~5 cm below the ievel of the fritted disc in fritted 
funnel 71 8 and is filled with synthetic urine. Typically '-0.2 g of fluid is drained from the system during this procedure. 
This procedure prevents premature absorption of synthetic urine when piston/cylinder assembly 720 Is positioned 
within fritted funnel 71 8. The quantity of fluid that drains from the fritted funnel in this procedure (called the fritted funnel 
10 correction weight) is measured by conducting the PUP test (see below) for a time period of 15 minutes without piston/ 
cylinder assembly 720. Essentially all of the fluid drained from the fritted funnel by this procedure is very quickly rea- 
bsorbed by the funnel when the test is Initiated. Thuis. it is necessary to subtract this correction weight from weights of 
fluid removed from the reservoir during the PUP test (see below). 

[0261] 0.9 g of hydrog el-forming absorbent polymer 760 (corresponding to a basis weight of 0.032 g/cm^) is added 
15 to cylinder 754 and distributed evenly on screen 759. For most hydrogel-forming absorbent polymers, moisture content 
is typically less than 5%. For these polymers, the added polymer weight can be detemilned on a wet-weight (as It Is) 
basis. For polymers having a moisture content greater than about 5%, the added polymer weight should be corrected 
for moisture (I.e., the added polymer should be 0.9 g on a dry-weight basis). Ceire is taken to prevent hydrogel-forming 
absortjent polymer 760 from adhering to the inside walls of cylinder 754. The piston 756 is slid into cylinder 754 and 
^ positioned on top of the hydrogel-forming absorbent polymer 760. The piston can be turned gently to help distribute 
the hydrogel-forming absortaent polymer. The piston/cylinder assembly 720 is placed on top of the frit portion of funnel 
718, the weight 758 is slipped into piston 756, and the top of funnel 71 8 is then covered with fritted funnel cover 722. 
After the balance reading is checlced for stability, the test is initiated by opening valves 728 and 740 so as to connect 
funnel 71 8 and reservoir 712. With auto Initiation, data collection conmences immediately, as funnel 718 begins to 
25 reabsorb fluid. 

[0262] Data is recorded for a time period of 60 minutes. 

[0263] Moisture content of the hydrogel-fomning absorbent polymer is determined separately by measuring % weight 
loss after 3 hr i@ 1 05*C. The measured moisture content is ijsed to calculate the dry weight of hydrogel-forming polymer 
used in the PUP test. 

30 

PUP capacity (gnn/gm)=[W,(t=0 ) - W,(t=60 m\nyy\/^^y{)N^.^j^,yt^] 

where Wr(t«0) is the weight in grams of reservoir 712 prior to Initiation, Wr(t=60 min) is the weight in grams of reservoir 
3s 712 at 60 minutes, Wfc is the fritted funnel con-ection weight in grams (measured separately), and y^tnap^tirybe^ is the 
dry weight in grams of the hydrogel-fonning absorbent polymer. 

3. Gel Volume 

40 [0264] For most hydrogel-forming absortDent polymers, gel volume is detemnined by the method described in U.S. 
Reissue Patent 32,649 (Brandt et al), reissued April 19, 1988 but using a synthetic urine known as Jayco SynUrine. 
• This synthetic urine is prepared by dissolving a mixture of 2.0 g KCI, 2.0 g Na2S04, 0.85 g NH4H2PO4, 0.1 5- g 
. (NH4)2HP04, 0,19 g CaCig and 0.23 g MgCl2 to 1 .0 liters of distilled water. All of the chemicals are of reagent grade. 
The pH of the synthetic urine is in the range of 6.0 to 6.4. The SynUrine mixture can be obtained from Endovations, 
4S Reading, Pa, (catalog number JA-001 31 -000-01). The gel volumie is calculated on a dry-weight basis. The dry weight 
used In the gel volume calculation is detennlned by oven drying the hydrogel-forming absort>ent polymer at 1 05'C lot 
three hours. 

[0265] An alternative method for measuring gel volume can be used for hydrogel-forming absorbent polymers that 
adsorb Blue Dextran ( see gel volume method above) to the surfaces of the fomned hydrogel (e.g., polymers prepared 
so from cationic monomers). For these hydrogel-forming polymers, the Absorptive Capacity test is used, but the dry weight 
of the hydrogel-forming polymer is used in the calculation instead of the as-is weight. See U.S. Patent 5,1 24,1 88 (Roe 
et al). issued June 23, 1992 at Columns 27-28 for description of the Absorptive Capacity test. 

4. Extract abies 

55 

[0266] The percentage of extractable polymer in carboxylic acid based hydrogel-fomrjing polymers is determined by 
the Extractable Polymer Content Determination - Carboxylic Acid Based Hydrogel-Fomiing Polymers method described 
in U.S. Reissue Patent 32,649 (Brandt et al). reissued April 19, 1988 but using 0.9% saline solution, filtering the su- 
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pematant through a Whatman 0.7 micron GF/F glass micnonber filter (e.g. Catalog *1 825-1 25) or equivalent, and 
calculating the exiractable polymer on a dry-weight basis, it ts also noted that in U.S. Reissue Patent 32,549 that Va 
should refer to the volume of base and Vb should refer to the volume of add. 

[0267] The percentage of extractabte polymer In non-carboxyllc acid based hydrogel-fonming absorbent polymers is 
s determined by the distilled water/gravimetric method entitled Extractable Polymer Content Determination - Sulfonic 
Acid-Containing Hydrogel-Forming Polymers described in the referenced U.S. Reissue Patent 32,649, but calculating 
the extractable polymer on a dry-weight basis. 

5. Gel Strength 

10 

[0266] The gel strength or shear modulus of the formed hydrogel is determined using the Gel Strength/Shear Modulus 
Determination method described in the referenced U.S. Reissue Patent 32,649, with the following modifications: (i) 
the hydrogel-fomning absorbent polymer is swollen in Jayco SynUrine, (ii) an oscillatory rheometer having a parallel 
plate configuration, wherein the gap is set at 1.0 mm, is used, (iii) the formula for calculating shear modulus is modified 
IS for the above parallel plate configuration, (iv) the strain amplitude is less than about 0.3%, and (v) the hydrogel-forming 
polymer is ground (e.g., so It passes through a No 45 U.S.A. Standard Testing Sieve (350 microns openings)), if nec- 
essary, so the formed hydrogel packs at a high loading factor between the plates of the oscillatory rheometer. 



20 Claims 

1 . . An absorbent member for the containment of aqueous body fluids, characterized it that is comprises at least one 
region comprising hydrogel-forrning absorbent polymer in a concentration of from 60 to 100%. preferably Irom 70 
to 100%, most preferably from 80 to 1 00%, by weight, said hydrogel-forming polymer providing a gel-continudus 
25 fluid transportation zone when in a swollen state and having: 

(a) a Saline Row Conductivity (SFC) value ot at least 30 x 10-^ cm^sec/g, preferably at least 50 x 10-7 cm^sec^ 
g, most preferably at least 1 00 x 1 0-7 cm^sec/g; ' 

(b) a Performance under Pressure (PUP) capacity value of at least 23 g/g. preferably at least 25 g/g, most 
30 . preferably at least 29 g/g under a confining pressure of 0.7 psi (5 kPa); 

(c) a basis weight of at least 10 gsm. preferably at least 20 gsm, more preferably at least 50 gsm, most pref- 
erably at least 1 00 gsnri. 

2. The absorbent member of Claim 1 characterized in that said region provides, when subjected to normal use con- 
S5 ditions, sufficient wet integrity such that said gel continuous zone substantially maintains its ability to acquire and 

transport said body fluids through said gel continuous zone. 

3. The absorbent member of any of Claim 1 to 2 characterized in that sard hydrogel-forming polymer has anionic 
functional groups, preferably carboxy groups. 

40 

4. The absorbent member of any of Claim 1 to 3 characterized in that said hydrogel-forming polymer is surface 
crosslinked and is preferably selected from the group consisting of hydrolyzed starch-acrylonitrile graft copolymers; 
partially neutralized hydrolyzed starch-acrylonrtrile graft copolymers; starch-acrylic acid graft copolymers, partially 
neutralized starch-acrylic acid graft copolymers; saponified vinyl acetate-acrylic ester copolymers; hydrolyzed 

45 acrylonitrile copolymers; hydrolyzed acrylamide copolymers; slightly network crosslinked products of any of the 

foregoing copolymers; partially neutralized polyecrylic acid; slightly network crosslinked products of partially neu- 
tralized polyacrylk: acid; and mixtures thereof. 

5. The absortsent member of any of Claim 1 to 4 characterized In that said hydrogel-forrning polymer is in the f omri 
50 of partksles, said particles preferably having a particle size In the range of from 20 to 1 500 microns, most preferably 

a mass median particle size of from 100 to 800 microns. 

6. The absorbent member of any of Claim 1 to 5 characterized in that said hydrogel-forming polymer has an SFC 
value of from 30 to 1000 x 10-7 cm^sec/g, preferably from 50 to 500 x 10*7 cm^sec/g, and a PUP capacity value 

55 of from 23 to 35 g/g, preferably from 25 to 33 g/g. 

7. The absorbent member of any of Claim 1 to 6 characterized in that said hydrogel-forming polymer has 15% or 
less , preter£ibly 10% or less, most preferably 7% or less, extractable polymer. 
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B The absorbent member of any of Claim 1 to 7 characterized in that said hydrogel-forming polymer has a gel volume 

of at least 20 g/g, preferably of from 25 to 70 g/g. most preferably from 30 to 70 g/g. 
9. TheabsortentmemberofanyofClaimltoBoharacterizedlnthatsaldhydrogel-fomtiingpolymerhasagelstrength 

of at least 1 0,000 dyneis/omZ preferably at least 20.000 dynes/cm2. 

10 The absortjent member of any of Claim 1 to 9 characterized in that said fluid storage region comprises fipm, of 
Sd Sd^Telrng polymer and wherein the basis weight of said hydrogel-forming absort,ent polymer ^ said 
at least one region Is at least 50 gsm. preferably at least 1 00 gsm. 

11. Anabsorbentcoreforacquirir,g,di8tributingandstoringbodyfluids,charactetuedinthati^^ 
member of any of Claims 1 -1 0 in the form of a fluid storage layer. 

1 2. The absorbent core of Claim 11 to12 characterized in that It further comprises a fluid acquisition layer, said fluid 
layer preferably comprising chemically stiffened cellulosic fibers. 

13 The absorbert core of any of Claims 11 to 12 characterteed In that said storage layer comprises a layer of said 
' hydrogel-forming polymer corrtained between a first fibrous layer and a second fibrous layer. 

14 The absorbent core of any of Claims 11 to 13 characterized in that said storage layer fuiljier comprises themo- 
plastic material, preferably thermoplastic binder fibers, and is preferably thermally bonded. 

15. An absorbent article comprising a fluid pervious topsheet. a bacl«heet and the ^^^^^t*"^ 

11 to 14 positioned between said topsheet and said backsheet. the absorbent article preferably being a diaper, 
training pant or a catamenial pad. 

PstentansprQche > 

1 Absorbierendes Element fflr das BnschlleBen wSssriger KSrperflQsslgkellen, daduroh gekennzelchnet, daB es 

■ mindestens ein Gebiet umfaBt. das ein Hydrogel blldendes absorbierendes Polymer in einer Konzentra ion von 

60 bis 100 Gewlchtsprozent. vorzugswelse von 70 bis 100 Gewichtsprozent und ^'l'^l^''.''^\^°J^^'°°J^^^ 
wicWspro2entaufwei8t.wobeldiesesHydrDg6lblldendePolymereinegelkontinuierlicheFlussigkertstrans^ 

bildet. wenn es in einem aufgequollenen Zustand voriiegt. und folgende Werte aufweist: 

(a) einen SalzfluBleitfahigkeitswert (SFC-Wert) von mindestens 30 x 10-7 cm3 sec/g. vorzugswelse von min- 
destens 50 X 1 0-7 cm3 sec/g. und noch besser von mindestens 1 00 x 1 0"' cm^ sec/g; 
' (b) einen Leistungs-UntGr-Dmck-Kapazitatswert(PUP-Kapazitatswert) von mindestens M g/g. vorzugs^^^^ 

von mindestens 25 g/g, am besten von mindestens 29 g/g bei einem Begrenzungsdruck von 0.7 psi (5 kPa). 
(c) ein Basisgewlcht von mindestens 10 gsm. vorzugswelse von mindestens 20 gsm. noch besservon min- 
destens 50 gsm und am besten von mindestens 1 00 gsm. 

2. Absorbierendes Element nach Anspruch 1, dadurch gekennzeichnet, daB das Gebiet. wenn 
zungsbedingungen unterworfen wirti. eine ausreiohende NaBintegrital zeigt. so daB d« Gelkontinuitattzone 
Ffih^kelt. die K6rperflQssigkeiten aufzunehmen und durch sfch hlnduich zu transportleren. im wesentlichen bei- 
beh§tt. 

3. Absorbierendes Element nach Anspnjch 1 oderZ. dadurch gekennzeichnet, daB das Hydrogel blldende Polymer 
anlonische funktlonelle Gruppen, vorzugswelse Carboxygruppen, aufweist. 

4. Absorbierendes Element nach einem der Ansprflche 1 bis 3. dadurch gekennzetehnet^aS das Hydrogd bildende 
Polymer oberflachem^emetzt ist und voizugsweise aus einer Gruppe ausgewahit w,,^ die besteht a"^ Jiydroh- 
slerten St5rke-AcrylonItril-Graflcopolymeren; teilweise neutralisierten hydrofeierten Starke-Aorylonrtnl-G aftcopo- 

. lymeren; Starke-Acryl-Saure-Graftcopolymeren; teilweise neutralisierten Starke-Acryl-Saure-Grancopolymeret^. 
verseiften Vinylacetat-Acryi-Exter-Copolymeren; hydrolisierten Acrylonitril-Copolymeren: hydrolisierten Ac1y^ 
amid-Copolymeren; leicht vemetzten Produkten aus Irgend welchen der vorangegangen Copolymere; teiiwefee 
neutralisierter Polyacrylsaure; leicht vemetzten Produkten der teilweise neutralisierten Polyacrylsaure; und Mi- 
schungen davon. 
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5. Absorbierendes Element nach einem der Anspruche 1 bis 4. dadurch gekennzetchnet, daB das Hydrogel bildende 
Polymer In Fonn von Teilchen vortlegl, wobel diese Tellchen vorzugswelse eine TellchengrdUe Im Bereich von 20 
bis 1500 Mikrometem, noch besser eIne mlttlere Massentellchengr5Be von 100 bis 800 MIkrometem aufweisen. 

6. Absorbierendes Element nach einem der AnsprQche 1 bis 5, dadurch gekennzetchnet, daB das Hydrogel bildende 
Polymer einen SFC-Wert von 30 bis 1000 x 10-^ cm^ sec/g, vorzugsweise von 50 bis 500 x lO"' cm^ sec/g und. 
einen PUP-Kapazitatswert von 23 bis 35 g/g, vorzugsweise von 25 bis 33 g/g aufweisl. 

7. Absorbierendes Element nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer 15% oder wenlger, vorzugsweise 10% Oder weniger, und am besten 7% Oder weniger extrahierbares 
Polymer aufweist. 

8. Absorbierendes Element nach einem der Anrpuche 1 bis 7, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer ein Gelvolumen von mindestens 20 g/g, vorzugsweise im Bereich von 25 bis 70 g/g, und am besteri Im 
Bereich von 30 bis 70 g/g aufweist 

9. Absorbierendes. Element nach einem der AnsprQche 1 bis 8, dadurch gekennzetehnet, daB das Hydrogel bildende 
Polymer eine Gelstflrke von mindestens 10.000 dyn/cm^, vorzugsweise von mindestens 20.000 dyn/cm^ aufweist. 

10. Absorbierendes Element nach einem der Anspruche 1 bis 9, dadurch gekennzeichnet, daB das FlOssigkeltsspel- 
chergebiet das Hydrogel bildende. Polymer umfaSt, wobei das Basisgewicht des Hydrogel bildenden absorbieren- 
den Polymers in diesem mindestens einen Geblet mindestens 50 gsm, vorzugsweise mindestens 1 00 gsm betragt, 

1 1 . Absbrbierenden Kern fur das Aufnehmen, Verteilen und Speichem von Korperflussigkeiten, dadurch gekennzeich- 
net. daB er das absorblerende Element nach einem der Ansprijche 1 • 1 0 in Form einer Flussigkeitsspeicherschicht 
umtaBt. 

12. Absorbierender Kem nach Anspruch 11 , dadurch gekennzeichnet, daB er welter eine Fliissigkeitsaufnahmeschicht 
umfaBt, wobei diese Flussigkettsaufnahmeschicht vorzugsweise chemisch versteifte Zellulosefasem umfaBt. 

13. Absorbierender Kem nach Anspruch 11 oder 12, dadunirh gekennzeichnet, daB die Speicherschicht erne Schicht 
des Hydrogel bildenden Polymers, das zwischen einer ersten Faserschlcht und eIner zwelten Faserschlcht ein- 
geschlossen ist, umfaBt. 

14. Absorbierender Kern nach einem der Anspruche 11 bis 13, dadurch gekennzeichnet. daB die Speicherschteht 
welter thermoplastisches Material, vorzugsweise thermoplastische Bindefasem, umfaBt, und daB sie vorzugswei- 
se thermisch verbunden ist. 

15. Absorbierender Artikel, der eine flussigkeitsdurchlassige Decklage, eine AuBenlage und den absorbierenden Kem 
nach einem der Anspruche 11 bis 14 umfaBt, wobei dieser zwischen derDecklage und der AuBenlage angeordnet 
ist. wobei der absorblerende Artikel vorzugsweise eine Windel, eine Trainingshose Oder eine Damenbinde ist 



Revendlcations 

1 . Element absorbant destine h contenir des fluldes corporals aqueux, caractSrisi en ce qu'il comprend au molns 
une region comprenant un polym§re absorbant formant un hydrogel, en une concentration comprise entre 60 et 
1 00 %, de pr6f6rence entre 70 et 1 00 %, et tout sp6clalement entre 80 et 1 00 %, en polds. ledit polym&re formant 
un hydrogel r^lisant une zone de gel continue, pour le trarrsport du fluide, lorsqu'll est k TStat gonfl6, et ayant : 

(a) une valeur de Conductivite d'un Ecouiemenl de Solution Saline (SFC) d'au moins 30 x 10-' cnn3.s/g. de 
preference rfau moins 50 x 10-7 cm^.s/g, et tout sp^cialement d'au moins 100 x 1 0-^ cm^.s/g; 

(b) une valeur de capacity de Performance sous Pression (PUP) d'au moins 23 g/g, de pr6f6rence d'jau moins 
25 g/g, et tout sp6cialement d'au moins 29 g/g, sous une pression de confinement de 5 kPa (0,7 psi); 

(c) un grammage d'au moins 1 0 g/m^. de preference d'au moins 20 g/m^, plus particuli&rement d'au moins 50 
.g/m2, et tout sp6cialement d'au moins 1 00 g/m^. 

2. Element absorbant selon la revendication 1 , caractSris^ en ce que ladite region off re, lorsqu'elle est soumise k 
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des conditiorts d'utnisation normales, une int^rite suffisante a I'^tat mouille pour que ladite zone de ge! continue 
conserve essentiellement sa capacity k recueitlir et transporter lesdits fluides corporels a travers ladite zone de 
gel continue. 

3. Element absorbant selon Tune quelconque des revendications 1 ou 2, caracterise en ce que ledit polymere formant 
un hydrogel a des groupes fonctionnels anioniques, de preference des groupes carboxy. 

4. Element absorbant selon Tune quelconque des revendications 1 a 3, caracteris6 en ce que ledit polymere formant 
un hydrogel est reticul6 en surface et est, de preference, choisi dans le groupe constitue des copolymeres greffes 
amidon hydrolyse/acrylonitrile; des copolym6res greffes amidon hydrolyse partiellement neutralise/acrylonltrile; 
des copolymeres greffes amidon/acide acrylique; des copolymeres greff6s amidon partiellement neutralise/acide 
acrylique; des copolymeres acetate de vinyle saponifie/acrylate; des copolymeres a base rfacryionitriie hydrolys6; 
des copolymeres a base d'acrylamide hydrolys^; des produits I6gerement reticules en reseau de I'un quelconque 
des copolymeres ci-dessus; le poly(acide acrylique) partiellement neutralist; des produits legerement reticules en 
r^eau du poly(acide acrylique) partiellement neutralist; et des melanges de ceux-ci. 

5. Element absorbant selon rune quelconque des revendications 16 4, caracttrist en ce que ledit polymtre fonmant 
un hydrogel se prtsente sous ia forme de particules. iesdites particules ayant, de prtftrence, une granulomttrie 
comprise entre 20 k 1500 \vm, et tout sp6cialement une granulomttrie moyenne en masse comprise entre 1 00 et 
BOO^m. 

6. Element absorbant selon Tune quelconque des revendications 1 a 5, caracttrise en ce que ledit polymere formant 
un hydrogel a une valeur de SFC comprise entre 30 et 1 000 x 10-7 cm^.s/g, de preference entre 50 et 500 x 10-7 
cm3.s/g, et une vaieur de capacite de PUP comprise entre 23 et 35 gfg, de prdTtrence entre 25 et 33 g/g. 

7. Element absorbant selon Tune quelconque des revendications 1 a 6, caract6ris6 en ce que ledit polymere formant 
un hydrogel contient 15 % ou mo ins, de preference 10 % ou moins, ettout speciaiement 7 % ou moins, de polymere 
aptei & §tre extrait. >J 

8. Element absorbant selon rune quelconque des revendications 16 7, caracttrist en ce que ledit polymere formant 
un hydrogel a un volume de gel d'au moins 20 g/g, de prtftrence compris entre 25 et 70 g/g, et tout speciaiement 
comprls entre 30 et 70 gfg. 

9. Element absorbant selon Tune quelconque des revendications 16 8. caracterist en ce que fedit polym&re formant 
un hydrogel a une resistance de gel d'au moins 1 0 000 dynes/cm^ de preference d'au moins 20 000 dynes/cm^. 

10. Element absorbant selon Tune quelconque des revendications 1 a 9, caracterise en ce que ladite region de stoc- 
kage de fluide est constituee dudit polymere formant un hydrogel, et dans lequel le grammage dudit polyrnere 
absorbant fonnant un hydrogel de ladite au moins une region est d'au moins 50 g^^. de preference d'au moins 
100g/m2. 

11. Ame absorbante destinee a recueiliir, distribuer et stocker des fluides corporels, caracterisee en ce qu'elle com- 
prend reiement absorbant de Tune quelconque des revendications 1^10, sous la forme d'une couche de stockage 
de fluide. 

12. Ame absorbante selon la revendlcation 11 ou 12, caracterteee en ce qu'elle comprend, en outre, une couche de 
recuell de fluide, ladite couche de recueil de fluide comprenant, de preference, des fibres de cellulose chimlque^ 
ment raidies. . 

13. Ame absorbante selon Tune quelconque des revendications 11 ou 12, caracterisee en ce qiie ladite couche de 
stockage comprend une couche dudit polymfere formant un hydrogel, contenue entre une premiere couche fibreuse 
8t une seconde couche fbreuse. 

14. Ame absorbante selon I'une quelconque des revendications 11 a 13, caracterisee en ce que ladite couche de 
stockage comprend, en outre, un materiau thermoplastique, de preference des fibres de liant thermoplastique, et 
est, de preference, iiee a ia chaleur. 

15. Article absorbant comprenant une feuille permeable aux fluides. une feuille de fond, et r&me absorbante de I'une 
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quelconque des revendications 11 & 14. plac^e entre ladite feullle de dessus et ladite feullle de fond, rarticie 
absorbent 6tant, de preference, une couche, une culotte d'apprentissage de la propret6 ou un tampon catamenial. 
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